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Sea buckthorn berries have been used as an ancient medicine for thousands of years. 
Exceptional nutritional value and health benefits of sea buckthorn have been disclosed by 
recent research. Sea buckthorn berries are high in health-enhancing bioactive compounds. 
The major health benefits of sea buckthorn include anti-oxidation activities, anti-cancer 
properties, reduction of cardiovascular disease and improvement of immune system. 
Evidence suggests that diets rich in antioxidants reduce the risk of Alzheimer’s disease 
(AD) through direct effects on amyloid beta (Aβ, a hallmark of AD) and consequently 
influence AD pathogenesis. Despite the links between sea buckthorn and known AD risk 
factors (altered glucose metabolism and elevated cholesterol levels), the relationship 
between sea buckthorn and Aβ production/ degradation has not been fully characterised. 
The aim of this study was to develop a bioactive rich functional drink powder 
incorporating sea buckthorn and address this knowledge gap by administering drink 
powder and sea buckthorn to an inexpensive in vitro cell system and assess their effects 
on Aβ levels. 
 
Sea buckthorn berries (H.rhamnoides) were collected from 4 different locations (Jianping, 
Lueliang, Habahe and Datong) and sea buckthorn powder (SBP) was made through 
convective drying (at 80, 90, 100°C for 12 h respectively), freeze drying ( at – 60°C for 
24, 30 and 36 h respectively) and spray drying (inlet air temperature at 180, 190 and 200°C 
respectively). Freeze drying resulted in a higher quality product compared to convective 
drying and spray drying as freeze dried SBP had higher nutritional value and higher 
antioxidant activity. For freeze dried SBP, the average total flavonoid, vitamin C, sugar, 
fat, vitamin E contents were 641 mg/100g, 112 mg/100g, 32.0 g/100g, 5.8g /100g and 49 
mg/100g respectively. The fatty acids composition of freeze dried SBP was 34.88%, 
21.58%, 18.50%, 11.82% and 9.77% for palmitic, linoleic, palmitoleic, linolenic and oleic 
acids respectively. The freeze dried SBP also indicated the highest antioxidant activity 
which was 48% in terms of DPPH inhibition. Location also impacted the final quality of 
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SBP. SBP from Habahe had the lowest nutritional value possibly due to low rainfall. SBP 
from Jianping and Datong demonstrated similar and better quality than that of Lueliang 
and Habahe in terms of total flavonoid, vitamin C, sugar, fat and vitamin E contents. 
However, SBP from Datong showed the best antioxidant activity (49% in terms of DPPH 
inhibition). Taking both drying method and location into account, SBP under freeze drying 
at – 60°C for 24 h from Datong (2500 m in altitude) indicated the best nutritional value 
with the highest antioxidant activity. Therefore, it was selected for drink powder 
formulation. Goji berry powder (GBP) and turmeric powder which have cognitive 
improvement abilities were also added into the formulation. Lupin flour, carob powder, 
malt extract and xanthan gum were introduced into the formulation to improve the 
nutritional value and sensory properties. Seventy-one formulations of drink powder were 
prepared and their total flavonoid, vitamin C, sugar, fat, protein, polysaccharide, total 
phenolic, carotenoid contents and antioxidant activity were analysed. The formulation 68 
(45% SBP, 30% GBP, 10% lupin flour, 10% carob powder, 1% turmeric powder, 3.9 % 
malt extract and 0.1% xanthan gum) had the strongest antioxidant activity which was 
therefore selected for determination of effect on the degradation or clearance of amyloid 
beta via cell culture techniques.  
 
MTS (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-phenyl)-2-(4-sulfophenyl)-2H-
tetrazolium) assay indicated that drink powder, SBP, GBP and SG (a mixture of SBP and 
GBP at a ratio of 45:30 by weight as per drink powder formulation 68) significantly 
increased cell viability in Aβ-induced cells up to 100%. The results of Western blot 
showed maximum over 50% inhibition of Aβ in drink powder and its major ingredients 
treated cells compared to control (Aβ only). Enzyme-linked immunosorbent assay (ELISA) 
demonstrated significantly lower amyloid-β levels in cell lysate which were 45–85% of 
that in control (cell lysate without treatment of drink powder and its ingredients). It was 
found that 1.5 μg/ mL concentration of drink powder, SBP, GBP and SG respectively had 
the highest effect on the reduction of amyloid beta under in vitro condition in neuron cells. 
The Aβ concentration was 4405, 6672, 8499 and 4533 pg/mL in cell lysate when drink 
powder, SBP, GBP and SG was at 1.5 μg/ mL respectively. Images of atomic force 
microscopy (AFM) confirmed the presence of low quantity of amyloid beta in drink 
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powder, SBP, GBP and SG treated cells. The combination of SBP and GBP (SG) showed 
a better effect against amyloid beta than individual ingredients possibly due to synergistic 
effect. Therefore, drink powder, sea buckthorn and goji berry warrant further investigation 
as potential therapeutic agents in the treatment of AD.  
 
Key words: sea buckthorn, goji berry, drink powder, spray drying, freeze drying, 
convective drying, Jianping, Lueliang, Habahe, Datong, nutritional value, bioactive 
compound composition, antioxidant activity, amyloid beta, Alzheimer’s Disease, MTS 









Aβ                         amyloid beta or β-amyloid  
 
ACE                       angiotensin-converting enzyme 
 
AD                        Alzheimer’s disease  
 
AFM                       atomic force microscopy 
 
ANOVA                    analysis of variance  
 
AOAC                     Association of Official Analytic Chemists 
 
APC                       Aerobic Plate Count 
 
APP                       amyloid precursor protein 
 
APOE                      apolipoprotein E 
 
ATP                       adenosine triphosphate 
 
BCA assay                  bicinchoninic acid assay 
 
BDNF                      brain-derived neurotrophic factor  
 
BHA                       beta hydroxy acid 
 
BHT                       butyl hydroxyl toluene 
 
CFU                       colony-forming units 
 
cAMP                      cyclic adenosine monophosphate 
 
CSF                       cerebrospinal fluid 
 
DASH                     dietary approaches to stop hypertension 
 
DE                        dextrose equivalence 
 




DMEM/F-12                Dulbecco's Modified Eagle Medium/Ham's F-12 
 
DMSO                     dimethyl sulfoxide 
 
DNA                      deoxyribonucleic acid 
 
DPPH                      2, 2-diphenyl-l-picrylhydrazyl 
 
ECE                       endothelin converting enzymes  
 
E. coli                      Escherichia coli 
 
ELIA                      enzyme-linked immunosorbent assay 
 
FAME                     fatty acid methyl ester  
 
FBS                       fetal bovine serum 
 
FCS                       fetal calf serum 
 
FID                       flame ionisation detector 
 
FSANZ                    Food Standards Australian and New Zealand  
 
HDL                      high-density lipoprotein 
 
HFIP                      hexafluoroisopropanol  
 
IDE                       insulin-degrading enzyme 
 
IGF                       insulin-like growth factor 
 
GAE                      gallic acid equivalents 
 
GBP                       goji berry powder 
 
GC                        gas chromatograph 
 
GDP                       gross domestic product 
 
GI                         glycaemic index 
 
GMP                       good manufacturing practise  
 
HBSS                      Hanks’ Balanced Salt Solution 
 




HPLC                      high performance liquid chromatography 
 
LBG                       locust bean gum 
 
LDL                       low-density lipoprotein 
 
MES                      2- (N-morpholino) ethanesulfonic acid 
 
MIF                       migration inhibitory factor 
 
MMP                      matrix metalloproteinase 
 
MTS assay                 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium assay 
 
MUFA                     monounsaturated fatty acid 
 
NEP                       neprilysin 
 
NFTs                      neurofibrillary tangles 
 
PBS                       phosphate buffered saline 
 
PCR                       polymerase chain reaction  
 
PI3K                      phosphatidylinositol 3-kinase 
 
PKA                       protein kinase A 
 
PUFA                      polyunsaturated fatty acid 
 
ROS                       reactive oxygen species 
 
SALX                      Salmonella express 
 
SBP                       sea buckthorn powder  
 
SDS                       sodium dodecyl sulfate 
 
SEC                       Size-exclusion Chromatography 
 
SEM                       scanning electron microscope 
 
SFA                       saturated fatty acid  
 




TBS                       tris-buffered saline 
 
TBST                      TBS with Tween 
 
TFC                       total flavonoid content   
 
TPC                       total phenolic content  
 
UHT                       ultra-high temperature 
 
UK                        United Kingdom  
 
US                        United Sates  
 
USDA                     United States Department of Agriculture 
 
UV                        ultraviolet 
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Chapter 1 Introduction 
 
Hippophae rhamnoides, commonly known as sea buckthorn, is a perennial deciduous 
shrub belongs to the family of Elaeagnaceae (Gutzeit et al. 2008). Sea buckthorn 
originates from Asia and Europe. More than 90% of the natural sea buckthorn habitats are 
located in China, Mongolia, Russia, Northern Europe and Canada. Sea buckthorn is now 
widely used for environmental protection, such as soil, water and wildlife conservation 
and anti-desertification (Li 2002). Sea buckthorn is also revered for its high nutritional 
value and health benefits. For example, sea buckthorn is high in vitamin C, omega 3 fatty 
acids, carotenoids, flavonoids, tocopherols and other phenolic compounds (Bal et al. 
2011). Use of sea buckthorn has a long history dating back to more than 1000 years in 
Tibetan and Mongolian traditions (Xing et al. 2002). The majority of research has been 
focused on sea buckthorn berry as this is the most important part in terms of food 
applications. Sea buckthorn berries have been used for food, therapeutical and medical 
purpose for centuries. There is a growing interest in incorporating sea buckthorn into food 
formulations due to its unique nutritional value and rich bioactive compounds. 
 
Lycium barbarum and Lycium chinense is commonly called goji berry which has been 
used in China for centuries. Goji berry is abundant in polysaccharides, carotenoids and 
amino acids (Amagase & Farnsworth 2011). The health benefits of goji berry include but 
not limited to anti-oxidisation, anti-aging, anti-cancer and immunomodulation (Amagase 
& Farnsworth 2011; Peng et al. 2005; Shan et al. 2011). Lupin is the common name for 
members of the genus Lupinus in the legume family. Lupin is high in protein, dietary fibre 
and phenolic compounds and is reputable for its effect on weight control, lowering post-
digestion glucose rise, lowering cholesterol levels. Carob belongs to the Leguminosae 
family which is rich in dietary fibre and phenolic compounds. Carob has exhibited 
antidiarrheal, anti-oxidation and anti-proliferation effects (Custódio et al. 2011). Turmeric 
is the root of curcuma longa which is a plant in ginger family. Turmeric is notable for its 
abundance in curcuminoids particularly curcumin. Turmeric has shown anti-oxidation, 
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anti-inflammation and anti-cancer effects (Akbik et al. 2014; Downey 2014; Egan et al. 
2004).  
 
A lot of studies have suggested that diets rich in antioxidants, protein, dietary fibre could 
have the influence to enhance human’s memory and reduce the risk of Alzheimer’s disease 
(Luchsinger, Noble & Scarmeas 2007; Spencer 2008). The purpose of this research was 
to develop a bioactive-rich and functional drink powder based on sea buckthorn as a 
potential therapeutic agent for AD. Goji berry, lupin, carob and turmeric were also 
incorporated into the formulation to increase the nutritional value. Barley malt and 
xanthan gum were also added to improve drink powder’s sensory properties. The effects 
of drink powder and its major ingredients (sea buckthorn and goji berry) on amyloid beta 
which denote peptides of 36–43 amino acids as a hallmark in AD pathology were 
investigated through cell culture techniques.  
 
1.1 Hypothesis  
Drink powder made from sea buckthorn and other ingredients is rich in bioactive 
compounds and has a potential to reduce the risk of Alzheimer’s disease. 
 
1.2 Objective 
• To investigate the effect of different drying methods on quality of sea buckthorn 
powder  
• To determine the effect of different locations on composition of bioactive compounds 
of sea buckthorn 
• To develop a bioactive rich drink powder based on sea buckthorn and determine 
bioactive compounds composition and anti-oxidant activity  
• To assess the effect on the degradation or clearance of amyloid beta by bioactive rich 







Chapter 2 Literature Review 
 
2.1 Sea buckthorn 
2.1.1 Origin 
Sea buckthorn originates from Asia and Europe. Sea buckthorn can grow in different 
landscapes, such as valleys, river beds, coastal regions, hills either in continuous and pure 
stands or mixed with other species of trees or plants (Li, Beveridge & Oomah 2003). The 
natural distribution of sea buckthorn covers from Atlantic coasts of Europe across to 
Northwest Mongolia and Northwest China. The major natural sea buckhorn distribution 
includes coastal regions of United Kingdom, Gulf of Bothnia in Sweden river banks and 
coastal dunes along the Baltic Coasts of Finland, Poland and Germany, North parts of 
Pakistan and Afghanistan, Himalayan region (including India, Nepal, Bhutan), and North 
China (Li, Beveridge & Oomah 2003). The spread of natural original sea buckthorn areas 
at present is illustrated in Figure 1.  
 
 




2.1.2 Botanical characteristics  
Hippophae rhamnoides, commonly called sea buckthorn, is a perennial deciduous shrub 
belonging to the family of Elaeagnaceae (Gutzeit et al. 2008). Sea buckthorn is a small or 
medium sized tree or large shrub ranging from 2.5–6 m in height (Zeb & Malook 2009). 
Sea buckthorn tree has a rough bark, and its young and thick branches are proliferated 
from its main truck with small but sharp thorns (Zeb & Malook 2009). Sea buckthorn 
leaves are dark green colour on upper surface while a silver-grey colour on the bottom (Li 
& McLoughlin 1997). Sea buckthorn leaves are lanceolate or linear and narrow in shape, 
and they are usually 3 to 8 cm long and less than 7 mm in width (Todd 2006). Sea 
buckthorn fruit is a yellowish or orange berry, spherical in shape and 3 to 8 mm in 
diameter. Sea buckthorn berries are clustered on the bunches where dense and sharp thorns 
are around (Fu et al. 2014). Each individual sea buckthorn berry contains one bony, ovoid 
seed. The seeds are usually ovoid-shaped with 3-4 mm in length, brown or grey in colour 
with glossy shell. A photo of sea buckthorn berries is shown in Figure 2. 
 
 
Figure 2: Sea buckthorn berries 
(Li, TSC, Beveridge & Oomah 2003) 
 
Sea buckthorn is a dioecious plant with separate male and female individuals. Sea 
buckthorn usually starts to bloom on the second year wood before the leaves grow (Todd 
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2006). The blossoms come out in small racemes among the entire branch. In late spring 
or early summer, sea buckthorn starts to pollinate when pollen from male flowers meet 
female flowers by wind (Todd 2006). It takes over 3 months for sea buckthorn berries to 
ripen after pollination. Sea buckthorn berries usually harvest in autumn from late August 
to October. Sea buckthorn trees take 4-5 years to have full bearing period of berries and 
the peaks normally take place at the 7th or 8th year and the trees can harvest for approximate 
30 years (Li & McLoughlin 1997).  
 
The sea buckthorn berries consist of 24% seeds, 68% pulp and 8% skin by weight (Bal et 
al. 2011). When raw sea buckthorn berries are pressed to extract juice, it separates into 
three layers: on top there is a thick yellow or orange cream; in the middle there is an oil 
layer; while at the bottom there is the juice with sediment. 
 
2.1.3 Growing conditions and distribution 
Sea buckthorn is categorised as zone 3 on the Plant Hardiness scale which denotes a 
reputable tolerance of drought and salinity (Todd 2006). Sea buckthorn can tolerate tough 
environmental conditions, such as drought, low (down to -43°C) or high temperatures (up 
to 40°C) and saline-alkaline soils (Ali et al. 2013). Sea buckthorn has been found to thrive 
in highly-saline coastal areas where other larger plants are unable to grow. The maximum 
salt content in soil for sea buckthorn to grow is 1.1% (Pasternak & Schlissel 2001). At the 
same time, sea buckthorn can also survive in dry semi-desert locations. Although sea 
buckthorn is drought tolerant, the desirable annual rainfall ranges from 400 to 700 mm 
(Lian & Chen 1992). Sea buckthorn is also a heliophile plant whereby the requirement for 
sunlight is in the range of 2,000 to 3,000 hours per year with a minimum annual solar 
radiation of 110 kcal/cm2 (Lian & Chen 1992).  
 
Sea buckthorn plants have a great potential for use as environmental protection. Sea 
buckthorn plants can improve ecological environment in terms of water conservation (An 
et al. 2012). Sea buckthorn is considered as a rare non-leguminous plant which can fix 
atmospheric nitrogen. In a size of 667 m2 of a ten-year old sea buckthorn forest, 12 kg of 
nitrogen was fixed per annum which was equal to 25 kg of urea fertiliser (Ali et al. 2013). 
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Sea buckthorn is also effective in soil erosion and water loss control. Compared to barren 
lands, the land with sea buckthorn forest has 75% less soil loss by water erosion, 90% less 
runoff and 80% less wind erosion (Pasternak & Schlissel 2001). Therefore, sea buckthorn 
has become a promising plant which can be widely grown to endure soil erosion and 
desertification.  
 
Apart from native sea buckthorn growing in the wild, some countries have started to 
cultivate sea buckthorn, mainly for environmental protection. The earliest example of 
introduction of sea buckthorn was in Canada which was introduced from Russia due to its 
high ecological and economic values during the 1930s (Li, TSC & Schroeder 1996). After 
decades of cultivation, sea buckthorn has been successfully and widely grown in Canada 
from the West coast to the middle prairies (Small 1999). More recently in India, the 
Ministry of Environment and Forests and the Defence Research and Development 
Organisation announced in 2010 that they planned to grow a million hectares of sea 
buckthorn in 10 years through the Indian’s Himalayan states which could support its high-
altitude, cold desert ecosystems (Suryakumar & Gupta 2011). China is another example 
where sea buckthorn is widely cultivated through the Northern areas. In a cultivated 
orchard, one hectare can yield approximate 10 tons of sea buckthorn berries (Li & 
McLoughlin 1997). 
 
At present, the majority of sea buckthorn (both natural and cultivated) is mainly found in 
China, Mongolia, Russia, Northern Europe and Canada with a total area of approximate 
1.5 million hectares accounting for 90% of the world sea buckthorn coverage (Bilello 
2014). 
 
2.1.4 Species  
The classification of sea buckthorn species has been updated many times. However, the 
extract number of species is still unclear (Suryakumar & Gupta 2011).  
 
Most recently, 6 species of sea buckthorn have been classified and widely accepted. The 
6 species are Hippophae salicifolia, H.rhamnoides, H.goniocarpa, H.gyantsensis, 
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H.neurocarpa and H.tibetana. The major differences among different species are the sea 
buckthorn berry’s size and shape, the number of main lateral veins in the leaves and the 
quantity and colour of stellate hairs. Some species also have subspecies. A summary of 
sea buckthorn species and its relevant subspecies are listed as below (Li, Beveridge & 
Oomah 2003). 
 










H.goniocarpa (Lian) X.L.Chen & K.Sun 
subsp.litangensis Lian & X.L.Chen 
subsp.goniocarpa Lian 
H.gyantsensis (Rousi) Lian 
H.neurocarpa S.W.Liu & T.N. He 
subsp.stellatopilosa Lian & X.L. Chen 
subsp.neurocarpa S.W. Liu & T.N. He 
H.tibetana Schlecht.  
 
However, there is another point of review raised by Bartish et al. (2002) which is 
suggested to categorise H.goniocarpa subsp.litangensis as an independent species. Based 
on chloroplast deoxyribonucleic acid (DNA) analysis, H.goniocarpa and H.litangensis are 
polyphyletic which indicates a single lineage of evolution. Thus they are believed to be 
two different species other than sisters. This viewpoint is also supported by some other 
researchers. For example, Suryakumar and Gupta (2011) also believed H.goniocarpa 
subsp.litangensis should be the seventh species of sea buckthorn.  
 
In China, H.rhamnoides subsp.sinensis is dominant subspecies and widely seen. In 
Finland, H.rhamnoides subsp.rhamnoides is the most common subspecies. In Northwest 
Himalayan regions which has high altitude (2500–4200m) and a cold dry climate, 
H.rhamnoides, Hippophae salicifolia and H.tibetana have been identified while 




The different species of sea buckthorn have slight differences in berry composition, even 
if they are grown in the same region. For example, one study collected three different 
species (H.rhamnoides, H.tibetana, and Hippophae salicifolia) of sea buckthorn from 
Himalayan region in India and identified that Hippophae salicifolia berries contained 
lower amounts of pulp oil and lower levels of carotenoids and tocols (tocopherols and 
tocotrienols) than the other two species. H.rhamnoides and H.tibetana berries contained 
the higher levels of lipophilic carotenoids and tocopherols. Hippophae salicifolia berries 
had higher contents of hydrophilic constituents such as vitamin C and flavonol (Ranjith et 
al. 2006). 
 
2.1.5 Sea buckthorn in China 
China has the largest area of sea buckthorn coverage in the world (including both wild 
and cultivated). All six species can be found in China, however 80% of the sea buckthorn 
belongs to the species of H.rhamnoides (Shan 2009). The total sea buckthorn growing 
area covers approximately 1 million hectares (Pasternak & Schlissel 2001). The main 
growing regions include Northwest China, Northeast China and Tibet.  
 
Due to sea buckthorn’s function for reduction of soil erosion and water loss, China has 
been commercially cultivating sea buckthorn since the 1980s. From 1985-1998, China 
established approximately 67,000 hectares of sea buckthorn plantations each year in the 
North, Northwest and Northeast of China (known as the “Three Northern areas”). The 
Three Northern areas are also further divided into 5 planting zones based on climate and 
landscape: the semi-humid forest prairie climate zone (Southern part of the Loess Plateau), 
the semi-arid steppe climate zone (in the central part of the Loess Plateau), the arid desert 
steppe climate zone (Northern part of the Loess Plateau); the semi-arid and semi-humid 
steppe climate zone (Northern Hebei and Western Liaoning) and the cold humid steppe 
climate zone (Northern part of Northeast China) (Hu 2005). The purpose of divided zones 
is to provide an efficient direction on the cultivation of sea buckthorn in terms of species, 




Sea buckthorn has developed a powerful role in those introduced regions for reclaiming 
lands. For example, there was 118,000 km2 of desert around the Great Wall in Northern 
China, and each year approximate 50 km2 land was subject to desertification. Since the 
introduction of sea buckthorn, desertification has been effectively controlled in that area. 
Sea buckthorn is also successfully introduced to other areas which have a harsh 
environment, such as Western Liaoning Province, Northern Shanxi Province and Inner 
Mongolia which are known by arenaceous rock and drought (Pasternak & Schlissel 2001).  
 
2.1.6 Composition of sea buckthorn berries 
Sea buckthorn berry has a high level of vitamin C content ranging from 360 to 2500 
mg/100g which is much higher compared to commonly consumed fruits, such as oranges 
(50 mg/100g), strawberry (64 mg/100g) and kiwifruit (100 to 400 mg/100g) (Li, 
Beveridge & Oomah 2003). The sugar content in sea buckthorn juice is 2.7 to 5.3 
g/100mL. The major sugars in sea buckthorn fruits are fructose and glucose (Zheng et al. 
2012). Sea buckthorn berries are also high in organic acids. A study has confirmed the 
range of total organic acids in sea buckthorn juice is 3.1 to 3.6 g/100g (Arimboor et al. 
2006). The main organic acids are malic (1940 to 4600 mg/100g), quinic (810 to 2820 
mg/100g) and citric acids (90 to 160 mg/100g) (Raffo, Paoletti & Antonelli 2004).  
 
Sea buckthorn berries are abundant in flavonoids including flavonols, catechins and 
leucoanthocyanidins (Barl et al. 2003). There are over 20 flavonoids isolated from sea 
buckthorn berries (Chu et al. 2003). The total flavonoid content in sea buckthorn berry is 
120 to 1000 mg/100g (Barl et al. 2003). The major flavonoids in sea buckthorn berry are 
quercetin (3-10 mg/100g), isorhamnetin (35-66 mg/100g) and kaempferol (3-5 mg/kg) 
(Raffo, Paoletti & Antonelli 2004).  
 
Carotenoid is another bioactive compound in sea buckthorn berries. There are 41 
carotenoids in total which have been identified in different varieties of sea buckthorn. The 
overall content of total carotenoids is 15-185 mg/100g based on fresh berries. (Andersson 
et al. 2009). The three major carotenoids are zeaxanthin, β-carotene and β-criptoxanthin 




Sea buckthorn berry also contains lipids. Palmitoleic acid is the most abundant fatty acid 
ranging from 32–53% in pulp oil (Ranjith et al. 2006). The other major fatty acids with 
their ranges are palmitic (25–35%), oleic (8–26%), linoleic (5–16%) and linolenic acids 
(0.6–2.6%) (Gutiérrez, Ratti & Belkacemi 2008; Ranjith et al. 2006). A number of 
bioactive compounds are identified in sea buckthorn pulp oil including tocopherols, 
tocotrienols, omega-3 and omega-6 fatty acid families (Gutiérrez, Ratti & Belkacemi 
2008). All natural isomers of vitamin E are present in sea buckthorn pulp oil (Erkkola & 
Yang 2003). The total tocols content is ranging from 67 mg to 179 mg/100g in sea 
buckthorn pulp oil, among these α-tocopherol constitutes 40–60% of total tocols (Ranjith 
et al. 2006).  
 
An analysis performed on sea buckthorn berries from Voronzezh District in Russia has 
disclosed that sea buckthorn berries contain 17 out of 22 known amino acids, including 7 
essential amino acids (lysine, phenylalanine, leucine, isoleucine, methionine, valine and  
threonine) which play a vital role in energy production, building cells and muscles, fat 
loss, mood and brain functions (Teleszko et al. 2015). The sum of essential amino acids 
from sea buckthorn accounted for 42.12%- 45.91% total amino acids (Yushipitsina, 
Chuprova & Repyakh 1988). The major attributes of fresh sea buckhorn juice are 
summarised in Table 1. 
 
Table 1: Major Attributes of Fresh Sea Buckthorn Juice 
Attributes Average References 
pH 3.2 (Arimboor et al. 2006)  
Total solids (%) 18.0 (Kyriakopoulou et al. 2014) 
Soluble solids (%) 16.4 (Li & McLoughlin 1997) 
Moisture (g/100g) 82.3 (Beveridge et al. 1999) 
Soluble sugar (g/100mL) 4.0 (Zheng et al. 2012) 
Organic acids (g/100g) 3.3 (Arimboor et al. 2006) 
Oil (g/100g) 2.0 (Arimboor et al. 2006) 
Protein (g/100g) 0.8 (Beveridge et al. 1999) 
Vitamin C (mg/100g) 709 (Li et al. 2003) 
Amino acids (mg/100g) 52 (Zeb, 2004) 
Carotenoid (mg/100g) 60 (Xu et al. 2011) 
Total flavonoids (mg/100g) 80 (Arimboor et al. 2006) 




Sea buckthorn berry has a unique sour and astringent taste. The sourness is mainly due to 
its high malic acid content (0.8-3.2g/100mL). There is also a significant content of quinic 
acid (1.2-2.1 g/100mL) which contributes to sea berry’s astringency (Zheng et al. 2012).  
 
Sea buckthorn berries are also rich in enzymatic antioxidants, particularly superoxide 
dismutase (SOD). The berries contained 3451 μg/g SOD in fresh berries, and the 
absorption ratio was 70.2% while the enzyme activity was 2756 units /mg of protein (Zhu, 
Hao & Su 1999). The enzyme activity was 1832 units/mg of protein in sea buckthorn juice 
(Wei et al. 1999). Research using animal trial also indicated improved resistance to 
oxidative stress by increasing SOD activity in the mice group fed by sea buckthorn wine 
compared to other groups (Negi, Kaur & Dey 2014).  
 
Anti-oxidant activity is an important function of sea buckthorn. The antioxidant activity 
of sea buckthorn berries is mainly due to their flavonol, vitamin C, vitamin E and 
carotenoid contents (Xing et al. 2002). Another point of view regarding sea buckthorn’s 
anti-oxidation activity is attributed to its remarkable cytoprotective properties of leaves 
and fruits extract (Geetha et al. 2002). 
 
2.1.7 Processing of sea buckthorn 
2.1.7.1 Harvesting 
Sea buckthorn berries can remain on the branch over the winter because of lack of an 
abscission layer. Thus, sea buckthorn is difficult to harvest particularly taking into account 
of its thorniness. Sea buckthorn berries are commonly harvested by hands with picking 
tools. The basic principle is to cut off branches with berries from the trunk. Experienced 
pickers can harvest intact sea buckthorn berries at rates of 1-1.5 kg per hour. Harvesting 
sea buckthorn berries is labour intensive. Figures from China indicate that up to 1500 
person hours per hectare are required for hand harvesting (Todd 2006). In recent years, 
sea buckthorn is cultivated in well-spaced orchards, whereby mechanical harvesters can 
be utilised, which remove berry-bearing branches and then shake axially, so some berries 
will drop off and can be collected while majority of the berries still remain on the branches 
(Li & Schroeder 1996). Once the berries are harvested, they need to be frozen 
immediately. The frozen sea buckthorn berries are vibrated and shaken mechanically, and 
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then released from the branches and dropped into collectors. The berries are usually 
squeezed for juice which is separated from the seeds for further processing. The sea 
buckthorn juice is utilised for juice or beverage or pulp oil, while the seeds are mainly 
used for seed oil extraction.  
 
2.1.7.2 Heat treatment of sea buckthorn juice  
Sea buckthorn juice has two forms: either cloudy juice or clear juice. The processing of 
cloudy juice is simple and straight forward where the sea buckthorn berries are squeezed 
to remove the seeds, then the entire pulp is homogenised. The clear sea buckthorn juice is 
often mixed with other juice as an ingredient. The clear sea buckthorn juice is 
manufactured by two key steps according to a German patent (Heilscher & Lorber 1996). 
Firstly, the original mass of sea buckthorn pulp is heated to 50-55°C. Secondly, the juice 
goes through ultrafiltration clarification. However, both juice manufacturing processes 
require heat treatment to kill microbes (mainly bacteria) which lead to a significant 
increase of sea buckthorn juice’s shelf-life.  
 
There are two heat treatments that are commonly used in preparation of sea buckthorn 
juice. One is pasteurisation while the other is ultra-high temperature (UHT) processing. 
There has been some research on the pasteurisation conditions on sea buckthorn juice 
focusing on retention of antioxidants. For example, pasteurisation at 80°C for 10 min 
followed by refrigeration storage for 3 months, it was indicated that 85.71% of the vitamin 
C was lost in the sea buckthorn juice (Manea & Buruleanu 2009). In another study, 11-
12% vitamin C was degraded after heat treatment at 90°C for 45 s, followed by storage at 
6°C for 7 days (Gutzeit et al. 2008). UHT treatment conditions for sea buckthorn juice 
have been reported as 115-125°C for 1-10 seconds (Zhang et al. 2013). Research outcome 
demonstrated that microwave could assist the yield of extraction of sea buckthorn berries 
without significant reduction in antioxidant activity (Konstantina et al. 2013). 
 
Low temperature treatments have also been explored, whereby treatment at 60°C for 1 
min could lead to 60% reduction in antioxidant activity with 50% pectin methyl esterase 
inactivation compared to untreated sample (Alexandrakis et al. 2014). Alexandrakis (et al. 
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2014) also researched the use of high pressure processing on antioxidant activity, finding 
that treatment levels of 200-600 MPa had no significant effect on antioxidant activity. 
Temperature and time are critical to antioxidant activity for conventional thermal 
treatment. 
 
2.1.7.3 Drying of sea buckthorn berries 
Studies have been conducted on drying sea buckthorn juice using spray drying, the optimal 
conditions were identified (inlet air temperature at 162.5°C with addition of maltodextrin 
at 25g per 100g juice) whereby the sea buckthorn juice powder retained a high amount of 
antioxidants (Selvamuthukumaran & Khanum 2012). Another investigation had compared 
three drying methods (freeze drying, air drying and accelerated solar drying) and the 
effects on sea buckthorn berries. It was revealed that freeze-drying had minor changes in 
sea buckthorn’s appearance, but accelerated solar drying was the most effective and rapid 
method of drying without degrading its valuable antioxidant content (Konstantina et al. 
2013).  
 
Osmotic dehydration is another method of processing sea buckthorn where sugar uptake 
during osmotic drying leads to improvement in organoleptic properties. The moisture 
content of sea buckthorn berries decreased significantly in air-dried samples compared to 
vacuum dried ones. For example, to remove 90% of the moisture content in osmotically 
dehydrated sea buckthorn berries, it required 7 hours under vacuum drying while 4 hours 
was needed for hot-air drying at the same temperature (50°C, air dry speed is 1 m/s) 
(Araya-Fariasa, Macaignea & Rattia 2014).  
 
2.1.7.4 Oil extraction 
Oil extraction of sea buckthorn can be from either pulp or seeds. Sea buckthorn seed oil 
can be extracted by super critical carbon dioxide method. The condition is usually set as: 
pressures ranging from 15– 60 MPa and temperatures of 40–80°C (Sajfrtová et al. 2010). 
Usually, the sea buckthorn seeds need to be pre-treated before extraction. The seeds need 
to be dried to a moisture content of 1.5%, and then milled to fine particles able to pass 
through 50-80 mesh. In comparison with Soxhlet extraction by hexane, supercritical 
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carbon deoxidise extraction method indicates a better yield and concentration in terms of 
β-sitosterol in the sea buckthorn seed oil (Sajfrtová et al. 2010). A study on dehydrated 
sea buckthorn by supercritical carbon dioxide extraction showed that the optimal 
condition was at 44°C and 34.5 MPa with run time of 80 min with retention of 85.12% 
tocopherol and 71.73% carotene (Kagliwal et al. 2011). However, hexane extraction 
method has a significant advantage in cost, thus it is also commonly accepted and used in 
industry. It is also noted that the two different extraction methods lead to a slight 
difference in sea buckthorn seed oil colour. The oil extracted by hexane extraction method 
is usually brown or dark brown while Supercritical Carbon Deoxidise Extraction yields 
an orange-yellow or orange-red oil.  
 
The simplest sea buckthorn pulp oil extraction method is to constantly centrifuge the raw 
juice and ensure the oil layer is well segregated and extracted. The extracted sea buckthorn 
pulp crude oil requires further processing. Sea buckthorn pulp oil can also be extracted 
from dried berries through solvent extraction method. In this method, sea buckthorn 
berries need to be dried to a moisture content of 1.2-1.5%, and then milled to 500 µm 
diameter particles. The dried particles are mixed with dichloro-difluoro methane at a 
pressure of 0.6 MPa for 2-2.5 hours. The sea buckthorn pulp oil is then obtained by 
distillation (Li, Beveridge & Oomah 2003). Another popular method of sea buckthorn 
pulp oil extraction is freezing the berries at -27 to -22°C for 3- 4 days, and then the thawed 
berries go through fermentation at a temperature of 60-65°C for 2-3 days (Li, Beveridge 
& Oomah 2003). The flesh of the berries is re-dried and mixed continuously which assists 
the release of the oil. Sea buckthorn pulp oil will then be extracted by separation and 
centrifugation of the dried mass. The sea buckthorn pulp oil also can be extracted from 
dried and ground sea buckthorn berries through supercritical carbon dioxide method.  
 
2.1.8 Health benefits 
2.1.8.1 Anti-inflammatory properties 
Sea buckthorn has been extensively used to treat many inflammatory disorders in 
traditional Chinese medicine. Research has also proved that sea buckthorn is able to 
promote anti-inflammatory and immunomodulatory activities (Suryakumar & Gupta 
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2011). Antioxidants, such as flavonoids, carotenoids, vitamin C and vitamin E are the key 
bioactive compounds leading to sea buckthorn’s anti-inflammatory property (Sayegh, 
Miglio & Ray 2014; Xu et al. 2011). In sea buckthorn seed oil, the high content of ω-3 
fatty acids provides anti-inflammatory and insulin-sensitising effects (Fatima et al. 2012; 
Oh et al. 2010). 
 
Sea buckthorn’s anti-inflammatory properties have been proved in numerous in vivo 
studies. For example, mice fed by sea buckthorn extract demonstrated promoted phase II 
and antioxidant enzymes activities in liver and reduced oxidation processes in cellular 
level (Padmavathi et al. 2005). One investigation carried out in 15 days old chicks which 
consumed sea buckthorn berries indicated an immune-protective effect against T-2 toxin-
induced immune-depression (Ramasamy, Varshneya & Katoch 2010). A clinical trial 
targeting on gingivitis acute indicated that sea buckthorn could help gingivitis treatment 
through improved gingival tissue and increased immune response (Pentelescu et al. 2014). 
 
Sea buckthorn’s anti-inflammatory mechanism is also unravelled. Sea buckthorn’s free 
fatty acids could enhance cyclic adenosine monophosphate (cAMP)/ protein kinase A 
(PKA) pathway and regulate the ratio (cAMP/PKA) which is one of the possible 
mechanisms (Hu et al. 2007). Some mitogen’s presence in sea buckthorn stimulates 
lymphocyte-proliferation (Patel et al. 2012). Sea buckthorn has a reductive effect on C-
reactive protein which is a hallmark of inflammation and a risk factor for cardiovascular 
diseases (Larmo et al. 2007). 
 
2.1.8.2 Healing skin damage 
Sea buckthorn has been used to treat skin damages, skin disorders, scalds, burns, other 
skin injuries and mucosa in traditional Chinese medicine for centuries (Xing et al. 2002). 
Sea buckhorn flavonoids promote wound healing activities due to potent antioxidant 
properties which benefit wound contraction and epithelialisation. In addition, flavone 
promotes glutathione, vitamin C and catalyse activities in wound granulation tissue and 
leads to reduced lipid peroxide levels (Gupta et al. 2006). Other bioactive compounds with 
strong antioxidant properties are also beneficial to skin healing, such as vitamin C, vitamin 
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E, carotenoids and some enzymes, such as different SOD isoenzymes (Xing et al. 2002). 
The high level of omega-7 (palmitoleic acid) mostly found in sea buckthorn pulp oil is 
able to improve tissue and mucous membranes (Erkkola & Yang 2003). Essential fatty 
acids could nourish the skin while palmitoleic acid is the main moisturising essential fatty 
acid which is a natural component of the skin. Palmitoleic acid is an important 
therapeutical agent in treating burns and healing wounds. Consumption of sea buckthorn 
results in increased linolenic acid in plasma lipids which could improve dermatitis 
symptoms (Yang et al. 2000). Another investigation also confirmed sea buckthorn oil was 
effective in treating or preventing various skin conditions, such as atopic dermatitis, 
Sjogren's syndrome, skin hydration and elasticity due to carotenoids, tocopherols, 
phytosterols and unsaturated fatty acids, namely the omega-7 series (Joanny Menvielle-
Bourg & Joanny 2009). SOD is another key bioactive compound which inhabits 
expression of keratinocytes proliferation in collagen type III as a dominant form of collage 
in flavour of skin contraction. At the same time, sea buckthorn could eliminate damaged 
protein, facilitate cell migration, remodel the granulation tissue and regulate the activity 
of some growth factors through increasing the expression of matrix metalloproteinase in 
all phases of wound recovery process (Edraki et al. 2014).  
 
There are numerous animal or clinical trials which have demonstrated sea buckthorn’s 
positive effect on skin cure. Mice fed with sea buckthorn extract demonstrated a reduced 
tumour incidence of skin and forestomach papilloma-genesis (Padmavathi et al. 2005). 
Protective and curative effects were identified when the rats were administrated by sea 
buckthorn seed oil or pulp (Xing et al. 2002). A clinical trial applying sea buckthorn 
concentrated extract on 21 volunteers’ cheeks for 8 consecutive weeks indicated  
decreased melanin content in skin erythema and positive anti-psoriasis effect (Khan et al. 
2011). The volunteers with atopic dermatitis indicated an improved skin condition after 
taking sea buckthorn oil supplements daily for four months (Yang et al. 2000). Sea 
buckthorn oil is also mixed with other oils for better skin wound treatment. For example, 
a mixture of sea buckthorn oil and olive oil has a synergistic effect on burn wounds (Edraki 




2.1.8.3 Prevention or reduction of cardiovascular disease 
One of the most important health benefits of sea buckthorn is its effect on prevention or 
reduction of cardiovascular disease (Xu et al. 2011). Sea buckthorn flavonoids enhance 
cardiac function by scavenging free radicals and lowering blood viscosity (Suomela et al. 
2006). On the other hand, sea buckthorn could inhibit thrombosis and hypertension 
(Fatima et al. 2012). Other health benefits of sea buckthorn on cardiovascular disease 
include lowering blood cholesterol, blood pressure and blood sugar levels (Xu et al. 2011). 
Sea buckthorn’s strong anti-oxidant property is the main cause for improved 
cardiovascular symptoms, reduced blood pressure and lipids, reduced radicals level and 
prevention of atheroma (Zakynthinos & Varzakas 2015).  
 
Sea buckthorn’s health benefit on cardiovascular disease has been proved in numerous 
animal and clinical trials. For example, patients took 10 mg sea buckthorn flavonoids 
extract 3 times per day for 6 weeks, the body examination indicated decreased levels of 
cholesterol and improved cardiovascular function with no angina reported (Suomela et al. 
2006). By consuming sea buckthorn extract, the myocardial stress could be ameliorated 
through reduction of proinflammatory factors (Zakynthinos & Varzakas 2015). In another 
clinical trial, the patients who drank sea buckthorn juice 300 mL daily for 8 weeks led to 
an increased high-density lipoprotein (HDL) cholesterol and prevention on low-density 
lipoprotein (LDL) oxidisation in plasma which was beneficial to cardiovascular disease 
(Ecclestona et al. 2002).  
 
Sea buckthorn oil has also demonstrated its positive effect in cardiovascular disease. One 
animal study showed that by consuming sea buckthorn oil, it could reduce plasmas and 
LDL while increasing HDL cholesterol level, hence inhibition of thrombus formation and 
atherosclerosis along with prevention of oxidation of LDL (Ecclestona et al. 2002; Yang 
& Kallio 2002).  
 
2.1.8.4 Radiation treatment  
Sea buckthorn oil has a long history as a treatment for ultraviolet (UV) caused burns in 
terms of accelerating recovery time and reduction of swelling, weeping, redness and pain 
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(Khalsa 2007). A recent study has indicated that sea buckthorn can prevent radiation 
induced DNA damage and demonstrate significant radiation protection against whole 
body lethal irradiation (Prasan 2013). 
 
Sea buckthorn’s radio-protective property is mainly due to free radical scavenging ability, 
accelerated stem cell proliferation and stimulated immune system (Goel et al. 2002). Sea 
buckthorn’s ability in radiation protection is evidenced in animal trials. One study 
indicated that over 80% of the protection against radiation in mice was rendered by sea 
buckthorn extract (Kumar, Namita & Goel 2002). In another study, nearly 82% of the rats 
administrated by sea buckthorn extract intraperitoneally survived after intensive 
irradiation (Goel et al. 2002). The sea buckthorn intake (30 mg/kg body weight) resisted 
radiation induced depression of synthesis phase (DNA synthesis) to replenish radiation 
damaged cells (Agrawala & Goel 2002).Similar research outcome indicated that sea 
buckthorn inhibited radiation-induced apoptosis and cytotoxicity by preventing cellular 
and mitochondrial free radical generation (Agrawala & Adhikari 2009). Sea buckthorn 
could compact chromatin and prevent radiation induced DNA strand breaks (Goel et al. 
2003). Sea buckthorn is also able to activate proliferation of hemopoietic stem cells in 
which the lipid peroxidation is inhibited and the liver alkaline phosphatase activities return 
to normal (Bala et al. 2009). 
 
2.1.9 Food application 
Use of sea buckthorn has a long history dating back to more than 1000 years ago in Tibetan 
and Mongolian tradition (Xing et al. 2002). Sea buckthorn berries have been utilised for 
food, therapeutical and medical purpose for centuries. Sea buckthorn food range includes 
juice, vinegar, wine and soft candy. Due to its natural astringency and rich phenolic 
content, limited commercial sea buckthorn products have been achieved without adding 
sugar or other flavour masking compounds.  
 
Sea buckthorn food products can be categorised into four groups:  
(1) beverage products made from sea buckthorn juice. This range includes sea buckthorn 
juice, vinegar, wine, concentrated juice and nectar (Oomah et al. 1999).  
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(2) food which is made from sea buckthorn or using sea buckthorn berry as an ingredient. 
This includes sea buckthorn tea, dried sea buckthorn berries, candy containing sea 
buckthorn, sea buckthorn powder.  
(3) Sea buckthorn oil products based on sea buckthorn pulp oil, seed oil and combination 
of both seed oil and pulp oil.  
(4) Sea buckthorn extract products, such as sea buckthorn flavonoid which is commonly 
used as health supplement, and yellow/orange pigment made from sea buckthorn 
(Beveridge et al. 1999).  
 
Due to sea buckthorn excellent nutritional value, sea buckthorn products are not only 
provided to the regular market, it is also supplied to athletes and soldiers. For example, 
sea buckthorn juice was developed and designated as one of the official drinks for Chinese 
athletes in 1988 Olympics (Moore 2010). In Swiss Army, the sea buckthorn products have 
been provided as nutrition supplement (Khalsa 2007). In India, the herbal beverage which 
contains multi-vitamins is developed based on sea buckthorn and used by Indian troops 
for resistance of extremely cold weather and oxidative stress in Himalaya Mountains 
(Sreeraman 2009).  
 
2.2 Other ingredients 
2.2.1 Goji Berry 
2.2.1.1 Introduction 
Goji berry or wolfberry is the fruit of Lycium barbarum and Lycium chinense. Goji is a 
deciduous and perennial shrub. Usually, it grows up to 1 to 3 meters in height. Goji 
produces ellipsoid, bright orange-red berries in harvest season from July to October. Goji 
berry are usually 1-2 cm in diameter and contains 10-60 tiny yellow seeds. The taste of 
fresh goji berry is sweet, sour and juicy. There are approximately 70 species of goji grown 
in different regions, including North America, South America, Southern Africa, Eurasia 
and Australia from sub-tropic to temperate zones (Fukuda, Yokoyama & Ohashi 2001). 




Goji has been cultivated in China for centuries. The growing region in China is mainly in 
Northwest China including Ningxia Hui Autonomous Region, Tibet, Qinghai Province, 
Gansu Province and Xinjiang Uygur Autonomous Region. China is also the largest 
producer of goji berry. In 2012, the annual output of fresh goji berry was 2.52 × 105 tons 
(Chen et al. 2013). 
 
Goji berry contains a wide range of nutrients and bioactive compounds. Polysaccharides 
make up 5-8% of the dried goji berry and includes both water soluble and insoluble 
components (Wang, Chen & Zhang 1991). The composition of polysaccharides based on 
dried goji berry is 6.8% total polysaccharides; 5.6% insoluble polysaccharides and 1.2% 
water-soluble polysaccharides (Redgwell et al. 2011). The goji’s polysaccharides are 
complex glycopeptides containing acidic hetero-polysaccharides and polypeptides or 
proteins (Amagase & Farnsworth 2011). Goji’s polysaccharides also include a range of 
monosaccharides (Ara, Rha, Xyl, Man, Gal and Glc) where xylose and glucose are the 
major ones while arabinose, rhamnose, mannose and galactose are in smaller amounts 
(Amagase & Farnsworth 2011). The goji berry’s health benefits such as immune-
enhancement, are due to the presence of a significant amount of polysaccharides. 
Polysaccharides are a source of probiotic fibre which assist body digest and utilise the 
nutrients from food in the intestine (Slavin 2013). Polysaccharides also provide the goji 
berry’s sweet taste and adaptogen properties (Karioti et al. 2014). Goji berry is also rich 
in carotenoids which lead to its distinctive reddish-orange colour (Amagase & Farnsworth 
2011). Carotenoids constitute 0.3-0.5% of the dried goji berry (Peng et al. 2006). 
Zeaxanthin is the dominant carotenoid which accounts for 30–50% of the total 
carotenoids. Other components identified in the goji berry include 18 amino acids, betaine, 
cerebroside, beta-sitosterol, p-coumaric acid, and various vitamins (B1, B2, B6 and E) 
(Swan 2006). At the same time, goji berry is low in fat and energy.  
 
Goji berry is a fruit that has been used in traditional Chinese medicine for many years. 
The berries are usually sun or air dried and commonly consumed as the whole dried berry 
alone, or in a range of food products such as snacks and muesli. Another means of 
consumption is to squeeze the fresh goji berry for production of juice or further processed 
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to make goji berry wine. Apart from that, goji berry is utilised in other commercial 
products, such as dietary supplements, aromatised teas, juices, jams, snacks, soups, and 
other foodstuffs in both Asian and Western countries (Karioti et al. 2014).  
 
2.2.1.2 Goji berry health benefits  
Goji berry has a wide range of health benefits on metabolism, vision, kidney, liver, blood 
and lungs (Amagase & Farnsworth 2011; Peng et al. 2005; Shan et al. 2011). Goji berry 
also demonstrated various positive bioactive attributes, such as anti-oxidisation, anti-
aging, anti-cancer and immunomodulation (Huang et al. 2012). Goji berry protects human 
body from oxidative harm because of high content of antioxidants (Zhang 2013). Goji 
berry can inhibit tumour cell growth (Huang et al. 2012). For example, goji berry could 
assist breast cancer treatment by inhibiting cancer cell growth (He et al. 2012).  
 
The polysaccharides are considered the key bioactive compound in goji berry due to 
antioxidant properties. Goji berry’s antioxidant properties reduce the risk of lipid 
peroxidation which is accelerated by age-induced free radicals (Li, Ma & Liu 2007). In a 
cell culture study, goji berry’s polysaccharides prevented tumour cell growing by 
suppressing insulin-like growth factor (IGF)-1-induced angiogenesis via 
phosphatidylinositol 3-kinase (PI3K)/ hypoxia-inducible factor (HIF)-1α/ vascular 
endothelial growth factor (VEGF) signalling pathways (Huang et al. 2012). Goji berry 
polysaccharides’ anti-tumour and immunomodulatory properties are also indicated 
through a direct cytotoxic effect (He et al. 2012). 
 
Goji berry’s carotenoids are beneficial to retinopathy, macular degeneration, and eye 
vision (Karioti et al. 2014). Zeaxanthin is a powerful antioxidant in the carotenoid family 
which is capable of enhancing eye health with reputable absorption by human (Karioti et 
al. 2014). Research has also indicated zeaxanthin’s effect on vision is primarily due to its 
potent protection against macular degeneration and retardation of the lens’ aging process 
by preventing cataracts from forming (Bernstein et al. 2002). Beta-carotene is another 
kind of carotenoids which is abundant in goji berry. Beta-carotene is beneficial to vision, 
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cell structure, bones, teeth, and healthy skin. At the same time, it plays an important role 




Lupin (or lupine) is the common name for members of the genus Lupinus in the legume 
family. As reported by the Australia Society of Agronomy, lupin is an important grain 
legume crop with over 1 million hectares sown every year in Australia, which are mainly 
grown in Western Australia due to its sandy and acidic soils (Farre et al. 2003). The 
Department of Industry and Investment at New South Wales has indicated that Australian 
sweet lupin (narrow-leafed lupin, Lupinus angustifolius) accounts for 80% of total 
Australian lupins (Walker et al. 2011).  
 
There are three distinct features that characterise the Australian sweet lupin compared to 
other lupin varieties. Firstly, it is low in alkaloid. Secondly, Australian sweet lupin has a 
comparably high protein content and similar amino acid profile in comparison with 
soybeans. Thirdly, Australia sweet lupin is toxin free which reduces the possibility of 
allergen issues (Petterson 2000). 
 
Lupin seeds are comparatively high in crude protein and crude fibre but contain less oil. 
For example, Australian sweet lupin seeds consist of 40% protein, 30% dietary fibre, 6% 
oil, small amount of starch and rich bioactive compounds (such as leucine, arginine, lutein, 
lupeol) (Torres, Frias & Vidal-Valverde 2005; Walker et al. 2011). Approximate 85% of 
the lupin protein are conglutins which is a group of globulins, while the remaining 15% 
of protein are albumins. The digestibility and bioavailability of lupin protein is also 
comparable to soy protein (Petterson 2000). 
 
A range of lupin-based foods with enhanced health benefits have been developed. 
Examples include pasta (Jayasena & Nasar-Abbas 2012), biscuits (Jayasena & Nasar-
Abbas 2011), bread (Belski et al. 2011), muffin (Rumiyati, James & Jayasena 2015), 




2.2.2.2 Lupin health benefits 
Lupin has shown some unique health benefits. For example, a research group in Deakin 
University has demonstrated the possibility of lupin fibre being incorporated into diet 
programs for weight control (Hall & Johnson 2004). Research indicated that lupin-
enriched diets reduced the risk of cardiovascular disease (Belski et al. 2011). Lupin is also 
beneficial to bowel function due to its high dietary fibre content. For example, a clinical 
trial carried out in Melbourne where volunteers consumed lupin-incorporated diet 
indicated improved bowel function and reduced colon cancer risk (Johnson et al. 2006). 
Lupin is a rich source of polyphenols, carotenoids, phytosterols, tocopherols, alkaloids 
and peptides. In particular, lupin’s antioxidant, antimicrobial, anti-carcinogenic and anti-
inflammatory activities have positive effects on various chronic diseases, such as 
inflammation (Khan et al. 2015). 
 
Lupin is a low glycaemic index (GI) food which is reputable for a series of health benefits, 
such as lowering post-digestion glucose rise, reduction of daily mean insulin levels, 
lowering total and LDL cholesterol levels, reduction of liver cholesterol synthesis, etc. 
(Hall, Thomas & Johnson 2005). Research has demonstrated lupin as a low GI food 
possesses those health benefits. For example, an investigation using lupin-added breakfast 
unveiled its benefit on type 2 diabetes without compromising palatability (Hall, Thomas 




Carob originated in Syria and Palestine. Now it is distributed to other Mediterranean 
climate areas, such as Spain, Italy, Greece, America and North Africa (Brand 1984). 
Australia planted its first carob tree around year 1850 by immigrants from Mediterranean 
countries (Tous 1997). Carob is an evergreen flowering shrub belonging to the 
Leguminosae family (Sęczyk, Świeca & Gawlik-Dziki 2016). 
 
Carob is often compared with cocoa due to similar natural properties. As a result, carob 
powder is widely used for substitute of chocolate or used in health foods for chocolate-
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like flavouring. The major differences between carob and cocoa is the nutritional 
composition, with carob having higher sugar content and lower fat content (Brand 1984). 
Carob is also caffeine free (Brand 1984). Carob’s major edible part is called the carob 
pod. It contains about 90% pulp which is a rich source of sucrose, glucose, cellulose and 
tannins with the remaining 10% comprising the seeds (Rizzo et al. 2004). The most 
common product is carob powder (also called carob flour) which is often made from carob 
pods through drying, roasting and grinding (Brand 1984; Gubbuk et al. 2010). Carob 
power can be used for drink, liquor or as a flavouring ingredient.  
 
Carob pods have high soluble sugar (40-50%, mainly sucrose), low protein (3–4%) and 
lipids (0.4–0.8%) contents, they are also rich in phenolic compounds, such as tannins 
(Sęczyk, Świeca & Gawlik-Dziki 2016). The key phenolic compounds in carob include 
gallic acid, polymers of flavan-3-ol and flavan-3,4-diol subunits (Owen et al. 2003). Carob 
is also reputable for its high content of D-pinitol (methyl inositols) at 113mg/g, which is 
significantly higher than other legumes such as soybean (3.5 mg/g), chickpea (2.0 mg/g) 
and lentil (2.0 mg/g) (Ruiz-Aceituno et al. 2013). Dietary fibre accounts for up to 40% in 
carob kibbles which is the part after separation of carob seed from pods (Nasar-Abbas et 
al. 2016). Carob fibre is mainly water insoluble. Research has also indicated that carob 
fibre could extend food shelf life due to its strong water-binding property and antioxidant 
activity (Nasar-Abbas et al. 2016). 
 
Another key derivative from carob is its gum commonly called locust bean gum (LBG) 
which is extracted from carob seeds. LBG has become a natural food additive and 
numbered as E-410 in food industry (Nasar-Abbas et al. 2016). LBG is abundant in 
galactomannans which is a valuable natural food thickener, stabiliser and flavour used in 
different food products, such as ice creams, sweets and soups due to galactomannans’ 
thickening property and interactive synergy when combined with other polysaccharides 
(Rizzo et al. 2004). For example, one study applying 2% LBG into bread indicated 
improved functionality, such as dough strength, elasticity-to-extensibility ratio and 




2.2.3.2 Carob health benefits 
The health benefits of carob include antidiarrheal, anti-oxidation, free-radical scavenging 
and anti-proliferation (Custódio et al. 2011). Carob is beneficial for some chronic diseases, 
such as diabetes, heart disease and colon cancer due to abundant bioactive compounds 
(Nasar-Abbas et al. 2016). For example, carob kibble can be made into starch and sugar 
free flour for diabetics containing approximate 60% protein. Carob may also lower 
cholesterol levels (Dietmar 2003). Carob fibre and polyphenols have demonstrated great 
potential on reduction of LDL cholesterol and blood glucose, positive effect on weight 
control, improved function on digestion and lipid utilization (Gruendel et al. 2007; 
Koebnick & Zunft 2004; Ruiz-Roso et al. 2010; Valero-Muntildoz et al. 2014). At the 
same time, carob’s dietary fibre has showed positive effects in energy intake and body 
weight control (Gruendel et al. 2006). Therefore, the incorporation of carob into food 
formulation not only increases nutritional value but also improves functional properties of 
final products with increased shelf life (Nasar-Abbas et al. 2016). 
 
2.2.4 Turmeric  
2.2.4.1 Introduction 
Turmeric has a yellow colour and it comes from the root of curcuma longa which is a plant 
in ginger family. Turmeric is native to Southern Asia which has a warm climate and 
considerable annual rainfall. Turmeric is usually collected for their rhizomes which are 
commonly boiled for 30-45 mins and then dried in hot oven. After drying, turmeric is 
further ground into powder form which is used as a colour. Turmeric has a warm and bitter 
taste which is commonly known as a main spice in curry. 
 
Turmeric contains a group of compounds called curcuminoids including curcumin 
(diferuloylmethane), demethoxycurcumin and bisdemethoxycurcumin. Research interest 
usually focuses on curcumin which is believed to be the core bio-active compound in 
turmeric. It accounts for 1.5-2.0% in root of turmeric by weight (Anderson, Mitchell & 
Mohan 2010). However, curcumin content varies significantly in different species of 
curcuma longa. Curcumin is widely used as a spice which offers a strong yellow colour 
and unique curry flavour in traditional Thai and Indian cuisines. Curcumin is also used as 
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a natural colouring in foods and cosmetics. Other bioactive compounds in turmeric 
include, but not limited to, turmerone, atlantone and zingiberene. Turmeric is also rich in 
iron, manganese, vitamin B6, dietary fibre and potassium. Some general constituents of 
turmeric include sugar, protein and resin (Nagpal & Sood 2013). 
 
2.2.4.2 Turmeric health benefits 
Curcumin has been used for centuries to treat a variety of ailments, such as rheumatism, 
diabetic ulcers, anorexia, cough and sinusitis (Akbik et al. 2014). Recent research has 
indicated a wide range of health benefits that turmeric can offer including anti-oxidation, 
anti-inflammation, prevention and inhibition of cancer, prevention of cardiovascular 
disease, wound-healing and correction of genetic cystic fibrosis defect (Akbik et al. 2014; 
Downey 2014; Egan et al. 2004). For example, curcumin can block NF-kB which is a 
molecule associated with many chronic diseases (Marín et al. 2007; Singh & Aggarwal 
1995). Curcumin has strong anti-inflammatory properties which inhibit many 
inflammation-related molecules. Curcumin is also beneficial to heart disease mainly 
because it can improve endothelium function through regulated blood pressure, blood 
clotting and various risk factors in endothelium dysfunction (Kaiser & Toborek 1999).  
 
2.2.5 Barley malt 
Barley is an ancient cereal that has been consumed by human beings for thousands of 
years. Barley is one of the most common grains worldwide as it has an excellent 
adaptability in different climate conditions. Russia, Canada and European countries are 
the major producers of barley. Approximately two thirds of barley is utilised for animal 
feed, one third is for malting and only 2% is for direct human consumption (Dráb et al. 
2014). Barley is a key raw material for brewing malts, particularly used in beer industry.   
 
Barley is a rich source of essential nutrients. For instance, barley contains protein (13.7%), 
dietary fibre (15.6%), B vitamins (mainly vitamin B3 and B6) and minerals (mainly 
manganese and phosphorus) (Ullrich 2011). Recently, there is growing interest focusing 
on barley products due to its high content of phenolic compounds, such as phenolic acids 
(benzoic and cinnamic acid derivatives), proanthocyanidins, tannins, flavonols, chalcones, 




Malt extract is one of the main products made from barley produced by the malting 
process, whereby barley grains are germinated releasing amylase enzymes which break 
the starch down into maltose and glucose. The malted grains are then dried, roasted and 
boiled in water to extract a maltose rich syrup. Malt extract is a sweet ingredient 
commonly used as a nutritional enhancer. Research has demonstrated barley malt’s effect 
on anti-oxidation and anti-aging (Yang et al. 2010). Quality of barley malt depends on 
genetic and agro-ecological factors during barley growing, some key parameters include 
starch, sugar and protein content (Dráb et al. 2014). 
 
2.2.6 Xanthan gum 
Food gums are non-starch, water soluble polysaccharides. The functional role of gums are 
gelling and thickening agents, because gums can bind and hold water to form a gel 
(Karlton-Senaye et al. 2015). Xanthan gum is produced by fermenting sugars with the 
bacterium Xanthomonas campestris under aerobic conditions (Li & Feke 2015). Xanthan 
is a polysaccharide gum containing glucose, mannose and glucuronic acid and it has strong 
water-binding and texture modification ability (Shang & Xiong 2010).  
 
Xanthan gum is stable over wide range of pH and temperature conditions, and is able to 
achieve high viscosity solution at low concentration (Demirci, Yılmaz & Demirci 2014). 
Xanthan gum is widely used as a thickening or stabilising agent in food industry. For 
example, xanthan gum is applied as a stabiliser for improved viscosity and clarity in 
beverage manufacturing process (Zeng et al. 2013). Another study demonstrated that 
xanthan gum could improve texture and increase the functional properties when it was 
utilised in acid milk gels (Rohart & Michon 2014).  
 
The health benefits of xanthan gum include lowering blood sugar and total cholesterol 
(Osilesi et al. 1985). The food regulation in Australia advises the maximum usage of 
xanthan gum in infant food is 10g/1000g while there is no limit as long as accordance with 




2.2.7 Maltodextrin  
Maltodextrin is partially hydrolysed starch composed of glucose linked with α-1,4 
glycosidic bonds, with a dextrose equivalence (DE) of 3 to 20 (starch = 0; glucose = 100) 
(Wangsakan, Chinachoti & McClements 2003). Maltodextrin is usually made from corn, 
wheat or rice by using enzymes or acids to hydrolyse the starch to 5 to 10 glucose units. 
Maltodextrin is white to cream coloured powder. It has little or no sweetness and is 
metabolised in a similar way to starch. Maltodextrin is water soluble, usually over 99% of 
the maltodextrin can be dissolved in the water under ambient conditions. 
 
The role of maltodextrin as food additive includes thickener, bulking agent. There is no 
limit of maltodextrin in general food applications in Australia as long as it is in accordance 
with GMP (FSANZ 2015).  
 
Maltodextrin is also commonly used in spray drying as an aid to produce a free flowing 
powder. Stickiness is a very common issue in spray dried powder mainly due to low glass 
transition temperature in the presence of low molecular weight sugars, such as sucrose, 
glucose and fructose. Adding maltodextrin into juice before spray drying is widely used 
as an auxiliary carrier to avoid sticky powder by increasing molecular weight of sugars 
(Phisut 2012; Wang, Dufour & Zhou 2015). Research has indicated that original juice with 
high sugar content requires a high amount of maltodextrin (> 35%) in spray drying (Shi, 
Fang & Bhandari 2013). On the other hand, adding maltodextrin in a large proportion may 
alter the juice powder’s flavour and taste with increased cost.  
 
2.3 Memory loss  
2.3.1 Memory loss  
Memory loss is an abnormal degree of forgetfulness and/or inability to recall past events 
which is also referred to amnesia (Stöppler 2017). It is a symptom which can be temporary 
or permanent and it disrupts people’s daily work. The cause of memory loss varies, and 
maybe due to disease, normal aging, abuse of drugs or alcohol, head injury, depression 
and stress, sleep deprivation, nutritional deficiency, etc. Nearly half of the people over 50 
years in Australia have some extent of memory loss (Downey 2014). Memory loss is often 
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one of the common signs at the early stage of neuro-diseases such as dementia, 
Huntington’s disease, Parkinson’s disease and epilepsy (Jahn 2013).  
 
2.3.2 Dementia  
Dementia is a syndrome or group of diseases while Alzheimer’s disease is the most 
common form of dementia (Thies & Laura 2011). It occurs due to a variety of brain 
disorders that affect memory, thinking, mood behaviour, communication and reasoning 
ability to perform everyday activities (Hoang et al. 2015). The number of people living 
with dementia worldwide is currently estimated at 47 million and it is projected to increase 
to 75 million by 2030 and almost triple by 2050 (Prince et al. 2015). Dementia is a 
devastating problem not only for the people who have it, but also for their caregivers, 
families and communities. There is a lack of awareness and understanding of dementia in 
most countries leading to difficulty in diagnosis and care. There is no treatment to hold or 
prevent dementia so far. 
 
2.3.3 Alzheimer’s disease 
Alzheimer's disease (AD) is a progressive neurodegenerative disease of the central 
nervous system and comprises approximately 80% of all dementia cases in the elderly. 
The cost of AD is a major burden to health care system due to recent increase of gross 
domestic product (GDP). The prevalence of AD upsurge is associated with increasing age 
and it is higher in women because of their increased longevity. The incidence of AD is 
common over the age of 65.  
 
There are two types of AD. Early onset of AD (also called Familial AD) is usually linked 
with single gene mutations at one of the three loci, namely chromosomes 21, 
chromosomes 14 and chromosomes 1 which are linked with amyloid precursor protein 
(APP), presenilin 1 and presenilin 2 respectively (Bekris et al. 2010). Late onset of AD 
(also called Sporadic AD) is the major type accounting for approximately 90% AD cases 
(Bekris et al. 2010). Late onset of AD is highly associated with both environmental and 





The pathological hallmarks of AD include β-amyloid (Aβ) plaques, neurofibrillary tangles 
(NFTs which are aggregates of hyperphosphorylated tau protein), dystrophic neurites and 
neuropil threads (Morris, Galvin & Holtzman 2006). All these hallmarks have abnormal 
insoluble protein aggregates which cause damage to normal cellular functioning. Major 
proteins associated with AD are summarised in Table 2. 
 
Table 2: Main Protein relating to AD 
Protein  Function Association with AD 
Aβ peptides  Form insoluble fibrils that 
aggregate in the 
extracellular space 
Toxic to neurons; damage synapses; kill 
neurons 
(Gouras, Olsson & Hansson 2015) 
APP  Related to neuronal 
function 
Mutations in APP increase Aβ levels 
(Tarditi, Caricasole & Terstappen 2009) 
Tau protein Form NFTs inside neurons Result in instability of microtubules or 
neuronal injury and death of cells  
(Grill & Cummings 2010) 
 
Aβ is normal peptides of 36 to 43 amino acids generated throughout life. Aβ is the major 
component of the amyloid plaque diagnosed in AD patient brain. Particularly, 
accumulation of Aβ42 plays a significant role in AD pathogenesis which was selected as 
the target in this research. The image of normal brain and AD brain is shown in Figure 3.  
 
Figure 3: Normal brain and AD brain 





Aβ is formed by intramembrane proteolysis of APP and cleaved by the enzymes β and γ 
secretases (Zhang 2007). The imbalance between Aβ production and defective clearance 
leads to Aβ aggregation which ultimately contributes to increased senile amyloid plaques 
(O’Brien & Wong 2011). Aggregated Aβ initially form soluble oligomers and then further 
form larger insoluble fibre fragments due to polymerisation. The insoluble fibre fragments 
eventually precipitate as amyloid fibrils (Agamanolis 2016; Gouras, Olsson & Hansson 
2015). The deposition of amyloid fibrils formulates Aβ plaques which initiate a cascade 
of reactions and contribute to apoptosis, cognitive dysfunction or even cell death relating 
to AD (Moneim 2015). There is a close relationship between total amount of soluble Aβ 
and severity of AD in terms of neurological dysfunction (Eckman & Eckman 2007). 
Experiments have indicated that some antibodies against Aβ lead to behavioural 
functioning improvement on transgenic mice with AD (Dodart et al. 2002). Factors 
affecting the clearance of Aβ in brain and plasma are summarised in Table 3.  
 
Table 3: Main factors affecting the aggregation of Aβ 
Factors Function 
Presence of Apolipoprotein E (APOE)  ApoE alters transport and metabolism of Aβ 
(Bharadwaj 2011) 
Insulin-degrading enzyme (IDE) Decrease Aβ production through degradation 
(Yang, H, Sun & Chen 2012) 
Neprilysin (NEP) Decrease Aβ production through degradation 
(Yang, H, Sun & Chen 2012) 
Endothelin converting enzymes  
(ECE-1,2);  
plasmin;  
matrix metalloproteinase (MMP-2, -3 and -9);  
angiotensin-converting enzyme (ACE) 
Decrease Aβ production through degradation 
(Miners et al. 2011) 
Autophagy-lysosome pathway Deteriorative autophagy-lysosome system 
accelerates Aβ production and aggregation.   
(Perluigi, Di Domenico & Butterfield 2015) 
Proteasome Impaired proteasome activity results in 
accumulated Aβ. (Tseng et al. 2008) 
 
Aggregation of Aβ is the primary event in AD pathogenesis as its deposition is specific to 
AD. Progressive accumulation of Aβ initialises AD progression and neurodegenerative 
pathology (Jiang et al. 2012).  
 
Aβ is considered as significant therapeutic target in AD prevention and treatment (Ohyagi 
2008). This is done mainly either modulating Aβ progression or reducing the effect of 
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toxic Aβ plague, such as Aβ degradation and reduction of Aβ toxicity (Budson & Solomon 
2016). 
 
2.3.3.2 Potential mechanisms of Aβ mediated toxicity 
2.3.3.2.1 Mitochondrial dysfunction 
Neurons require high energy and are highly dependent on mitochondrial energy 
production, therefore mitochondrial dysfunction has fatal consequences for neuronal 
function (Bolisetty & Jaimes 2013). Dysfunction of mitochondria appears regardless of 
Aβ plaques and NFTs deposition in the AD brain. This postulates that mitochondrial 
function is disrupted at early stage of AD and providing promise for investigating 
mitochondrial dysfunction as an early therapeutic target for AD treatment.  
 
The presence of dysfunctional mitochondria leads to the impairment of energy metabolism 
in AD brain. The predominant role of mitochondria is producing adenosine triphosphate 
(ATP) through either aerobic respiration or anaerobic fermentation. One of the end 
products during this process is glucose which is the main energy source for brain. 
Dysfunctional mitochondria cause reduced glucose utilisation which is observed in AD 
patients (Sato & Morishita 2015). During this process, mitochondria become smaller and 
more compact which means a reduction of energy provision to neurons (Gao et al. 2010). 
On the other hand, mitochondrial dysfunction results in reduced ATP generation and 
enhanced ROS (reactive oxygen species) production which are linked with cell 
degeneration and death (Bolisetty & Jaimes 2013).  
 
2.3.3.2.2 Oxidative stress 
Oxidative stress is an imbalance between free radicals and antioxidants which plays an 
important role in early pathology of AD. The free radicals in AD brain include Aβ and 
activated microglia (Agamanolis 2016). Oxidative stress takes place before the onset of 
AD symptoms and is accelerated by free radicals that may attack and damage lipids, 
proteins and DNA in brain (Moreira et al. 2010; Tuppo & Forman 2001). The brain 
damages caused by excessive oxidative stress consist of mutations of mitochondrial DNA, 
dysfunction of mitochondrial and further oxidative stress (Butterfield, Swomley & Sultana 
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2013). Research has also demonstrated that oxidative damage is associated with 
deposition of NFTs (Huang, Zhang & Chen 2016). On the other hand, oxidative stress 
leads to neurons disorder (Bhatti et al. 2016).  
 
2.3.3.2.3 Synapse toxicity 
A synapse is a structure that permits a neuron to pass an electrical or chemical signal to 
another neuron or target effector cell. Synaptic loss is one of the clinical symptoms of AD 
(Forner et al. 2016). Aβ oligomers are harmful to synapse function and structure in terms 
of decreasing synaptic response (Dinamarca et al. 2008). At the same time, Aβ and tau 
may have synergistic impairment to synaptic function while its mechanism remains 
unclear (Forner et al. 2016).  
 
2.3.3.2.4 Neurotrophic factors  
Neurotrophic factors are a family of biomolecules and majority of neurotrophic factors 
are peptides or small proteins. The function of neurotrophic factors is to support or 
maintain survival and growth of neurons. AD is linked with abnormal distribution and 
dysregulation of neurotrophic factors. Research has indicated that neurotrophic factor is a 
critical molecule in AD due to involvement in cognition, learning and memory by 
modulating synaptic plasticity (Schindowski, Belarbi & Buee 2008). 
 
2.3.3.3 Contributing factors of AD  
2.3.3.3.1 Age 
Increasing age is a risk factor of AD. After age 65, the prevalence of AD doubles every 
five years. After age of 85, nearly one third of people may have AD-related symptoms 
and signs (Qiu, Kivipelto & Strauss 2009).  
 
2.3.3.3.2 Gender  
More women than men have AD. For example, almost two thirds of the AD patients in 
US are female (Thies & Laura 2011). This could be explained by the fact that women live 





Three genes are identified for early onset of AD, they are APP, presenilin 1, and presenilin 
2 genes (Bekris et al. 2010). In late onset of AD, apolipoprotein E (APOE) ε4 allele is the 
key genetic risk. There are three forms of APOE gene (APOE ε2, ε3 and ε4) and their 
combination determines APOE "genotype". The function of APOE ε4 is to provide a 
protein the blueprint for carrying cholesterol in the bloodstream (Thies & Laura 2011). 
People who inherit APOE ε4 gene have increased risk of developing AD at early stage 
compared to those inherit APOE ε2 or ε3 gene. In addition, heritage of two APOE ε4 
genes has 4-6 times higher risk of AD than that has one APOE ε4 gene (Dacks 2016). 
However, APOE ε4 does not always lead to AD (Gureje et al. 2010). On the contrary, 
some AD patients do not have APOE ε4 alleles (Thies & Laura 2011). 
2.3.3.3.4 Neuroinflammation 
One of the hallmarks of AD is deposition of Aβ plaque and its related neuroinflammation 
(Ray & Lahiri 2009). Several genes are associated with sporadic AD encoding factors 
through regulation of inflammatory reaction and misfolded proteins clearance in glial 
(Heneka et al. 2015). For example, APP is encoded by transcriptional regulation of the 
genes and producing Aβ peptides through cleavage in AD brain (Bekris et al. 2010). On 
the other hand, immunological processes are also impacted by environmental factors 
which further accelerate AD progression, such as systemic inflammation (Heneka et al. 
2015). The effects of neuroinflammation are mediated by activated microglial cells which 
are a source of cytokines and a potent generator of free radicals. At the same time, multiple 
aberrations in the microglial which cause brain damage and accelerate Aβ and tau 
deposition take place during neuroinflammation (Agamanolis 2016).  
 
2.3.3.3.5 Disease  
People with some vascular diseases are more vulnerable to AD. This includes but not 
limited to heart disease, stroke and high blood pressure. Brain impairment due to vascular 
conditions includes inability of cerebral arterioles, damage of brain capillary network and 
leukoencephalopathy (Agamanolis 2016). At the same time, some metabolic diseases are 
also an increased risk of AD. For example, diabetes, particularly type 2 diabetes which is 
associated with abnormal glucose metabolism and high levels of plasma cholesterol 
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increases individual’s risk of developing AD (Li & Hölscher 2007). Obesity is another 
disease which is a risk factor of developing AD (Thies & Laura 2011).  
 
2.3.3.3.6 Traumatic brain injury 
A lot of evidence has indicated that traumatic brain injury promotes Aβ production and 
tau hyperphosphorylation which lead to increased risk of AD. Research has further stated 
that cerebrovascular dysfunction is a key element regarding traumatic brain injury relating 
to AD (Ramos-Cejudo et al. 2018). 
 
2.3.3.3.7 Environmental and lifestyle  
Research has indicated that approximately 30% of AD risk is due to environmental factors 
and human lifestyle patterns (Manivannan et al. 2015). Environmental factors include but 
not limited to inorganic and organic hazards, toxic metals, pesticides, industrial chemicals 
and air pollution. Exposures to these environmental factors along with individual’s 
unhealthy lifestyle over time potentially contribute to neuroinflammation and 
neuropathology paving the way to development of AD (Manivannan et al. 2015). 
 
2.3.3.4 Diagnosis of AD 
There are no specific clinical findings in AD. However, evaluation of biomarkers in 
plasma and cerebrospinal fluid (CSF) is one of the effective diagnosis methods. 
Investigation of proteins in plasma is based on pathophysiologic process which indicates 
biomarker attribute of AD (Irizarry 2004). CSF could not only indicate presence of Aβ in 
brain but also predict the rate of AD progression from mild to severe brain impairment 
(Holtzman 2011). Definitive diagnosis can only be made by pathological examination of 
brain tissues. The main biomarkers of AD are shown in Table 4. 
 
Table 4: Main Biomarkers of AD 
Biomarker Evaluation Technique 
Amyloid beta Blood and CSF Plasma- blood test; enzyme linked immunosorbent 
assay (ELISA) 
Tau protein  CSF ELISA; imaging 
APOEε4 allele  Blood; CSF ELISA; genotyping 
APP CSF ELISA 
DNA  Blood Polymerase chain reaction (PCR)  




2.3.3.5 Some of the therapeutics of AD 
There is currently no therapy which could neither cure nor modify AD progression. 
Current treatments only provide a temporary and slight symptomatic improvement. There 
are some potential effective therapeutics of AD.  
 
2.3.3.5.1 Drugs 
Approved drugs are an important approach for AD treatment including single or combined 
drugs targeting different mechanisms (Zhang 2017). These drugs not only maintain or 
even improve AD patients’ current cognitive abilities but also potentially decrease their 
associated behavioural problems. For example, Donepezil, Rivastigmine and Galantamine 
are widely used as cholinesterase inhibitors which target mild to moderate AD. Another 
drug called Memantine, acts as N-methyl-D-aspartate receptor antagonist is for moderate 
to severe AD patients. Memantine is often used with Donepezil for a synergistic effect 
(Kim & Factora 2018).  
 
2.3.3.5.2 Physical exercise  
Physical exercise is well recognised which is beneficial to brain. Physical exercise not 
only benefits on maintaining brain size but also prevents some AD risks, such as obesity 
and stroke (Chen, Zhang & Huang 2016). Research also has unravelled that physical 
exercise may postpone the onset of AD and reduce the mortality (Cendoroglo et al. 2014). 
An example of common physical exercises is walking which is proved to benefit cognition 
of AD patients (Venturelli, Scarsini & Schena 2011).  
 
2.3.3.5.3 Diet  
Certain diets have great influence on increasing or decreasing AD risk which is supported 
by a lot of studies (Luchsinger, Noble & Scarmeas 2007). For example, one investigation 
has indicated that healthy diet is in favour of maintaining or improving cognitive function 




2.3.4 Diet and AD  
2.3.4.1 Dietary patterns  
Dietary patterns refer to the habit how people eat their diets, this mainly includes 
quantities, proportions, and combination of all food consumed including drink and 
supplement (Krebs-Smith 2014). A summary of major dietary patterns which could reduce 
the risk of AD is listed in Table 5. 
 
Table 5: Major dietary patterns associated with AD prevention 
Dietary pattern Characteristics of the diets  Link to AD 
Prudent pattern diet --Higher consumption of vegetables, 
fruit, legumes, and whole grains 
--Higher consumption of fish and 
poultry 
Relating to prevention of cognitive 
impairment and dementia 
(Shakersain et al. 2016) 
Calorie restricted diet --Minimised energy intake 
--Sufficient vitamins, minerals and 
other important nutrients 
Beneficial effects on brain aging and 
AD 
(Van Cauwenberghe et al. 2016) 
The Mediterranean diet 
  
--High consumption of olive oil, 
legumes, unrefined cereals, fruits, and 
vegetables, 
--Moderate to high consumption of  
fish 
--Moderate consumption of dairy 
products (mainly cheese and yogurt) 
Moderate wine consumption 
--Low consumption of meat and meat 
products 
Associated with a reduction of AD risk  
(Scarmeas et al. 2006) 
Dietary approaches to 
stop hypertension 
(DASH) diet  
--Rich in fruits, vegetables, whole 
grains 
--Low-fat dairy foods 
--Some meat, fish, poultry, nuts and 
beans 
--Limited sugar-sweetened foods and 
beverages, red meat, and added fats 
computation  
--Improved neurocognitive function  
--Reduction of blood pressure may 
also be beneficial to AD prevention 
(Smith et al. 2010) 
Vegetarian diet --No meat 
--Higher consumption of vegetables, 
fruit, legumes, whole grains 
--Some eat eggs and dairy products  
--Link with AD is disputable.  
--Lower blood pressure and improve 
blood lipid profile which are positive to 
AD prevention.  
--On the contrary, vegetarian diet is a 
risk of some nutrients deficiency which 
cause cognitive problems, such B12, 
homocysteine (Osimani et al. 2005; 







Diet with high protein content seems to reduce the risk of AD. In a clinical trial carried 
out in Australia indicated significantly reduced chance of higher level of Aβ in brain on 
participants served with high protein diet daily compared to those with lower protein 
consumption (Fernando et al. 2018). However, the clear relationship between dietary 
protein and AD is still unclear. The possible cause is high protein diet may lower blood 
pressure while high blood pressure is a known risk factor of AD.  
 
2.3.4.2.2 Carbohydrate 
High carbohydrate diet generally could increase the risk of AD. High carbohydrate diet 
contributes to obesity. One study has demonstrated that diet containing high carbohydrate 
could influence lipid metabolism and damage brain cells through excessive insulin/ IGF 
signalling in nervous system (Henderson 2004). However, carbohydrate include sugar, 
fibre and they have different effects on AD.  
 
2.3.4.2.2.1 Sugar 
Researchers from UK have indicated that people eating diets with high sugar are at a 
greater risk of AD. High sugar uptake is harmful to a vital enzyme called macrophage 
migration inhibitory factor (MIF) which is involved in a series of AD events, such as 
oxidative stress, immune response, hyperglycaemia (Kassaar et al. 2017). High-sugar 
diets may also lead to an increased blood sugar (glucose) level or hyperglycaemia which 
is a known risk factor of AD.  
 
2.3.4.2.2.2 Fibre 
Dietary fibre assists in production of short chain fatty acids (e.g. butyrate) through gut 
bacteria while short chain fatty acids inhibit the production of certain toxins to brains (e.g. 
interleukin-1β) (Matt et al. 2018). On the other hand, high fibre diet helps to prevent 





Polysaccharide has shown the great potential on anti-AD effect. The polysaccharides from 
traditional Chinese medicine prevent AD progression with different targets or pathways, 
such as free radical metabolism, anti-apoptosis, APP and Aβ expression (Liu, Wang & 
Ding 2017). One study has demonstrated that polysaccharide extracted from flammulina 
velutipes could enhance rat’s cognitive function against AD (Zhang et al. 2018).  
 
2.3.4.2.3 Fat 
High fat diet could contribute to cognitive decline in AD due to blood-brain barrier 
dysfunction and modulated immune response (Thériault, Elali & Rivest 2016). One 
animal trial feeding wild rabbits with high fat diet indicated an increased Aβ accumulation 
in brain (Sparks et al. 1994). High fat diet may also result in obesity and hypertension 
which are risk factors of AD. In addition to fat content, the composition of dietary fat is 
also associated with AD (Morris & Tangney 2014). High consumption of saturated and 
trans fatty acids could double the risk of AD while lower intake of monosaturated and 
polysaturated fatty acids reduces the risk of developing AD (Morris 2004). 
 
2.3.4.2.4 Vitamins 
Diet rich in vitamins are beneficial to AD prevention and treatment. Vitamins could 
attenuate oxidative stress which potentially inhibits AD progression (Bhatti et al. 2016). 
A summary of vitamins with their links to AD is shown in Table 6. 
 
Table 6: Different vitamins and their links to AD 
Name Link to AD 
Vitamin A including 
β-Carotene 
Influence multiple aspects of neurodegenerative disorders; enhance 
cognitive function (Bhatti et al. 2016) 
B vitamins Deficiency of B6, B9, and B12 could lead to decreased level of 
homocysteine which is AD risk factor. 
(Bhatti et al. 2016; Osimani et al. 2005) 
Vitamin C Alters progression of AD by preventing the oligomerization of Aβ 
peptides; decrease oxidative stress (Bhatti et al. 2016) 
Vitamin D Beneficial to AD prevention and treatment  
(Annweiler, Llewellyn & Beauchet 2013) 
Vitamin E Protection against AD (Devore et al. 2010) 
Vitamin K Prevent oxidative stress and reduce AD risk  





Flavonoid has protective effect against AD. Research has indicated that flavonoid could 
prevent specific enzymes during the phosphorylation of tau protein, such as β-secretases 
(Bakhtiari et al. 2017; Rezai-Zadeh et al. 2009). At the same time, flavonoid is beneficial 
to improve cognitive function (Bakhtiari et al. 2017). Examples include but not limited to 
quercetin, kaempferol, luteolin and rutin.  
 
2.3.4.2.6 Phenolic compounds 
Certain phenolic compounds could reduce the risk of AD development. Some examples 
include curcumin, ferulic acid, myricetin, tannic acid in which those compounds have 
shown the ability to prevent Aβ aggregation (Hamaguchi et al. 2009). Commonly 
consumed fruits, such as sweet orange, grapefruit and lemon contain high phenolic 
compounds (Moralez-Gonzalez 2013).  
 
2.3.4.3 Some fruits, grains and spice which reduce the risk of AD  
2.3.4.3.1 Sea buckthorn 
A study on feeding rat by sea buckthorn extract has illustrated sea buckthorn could 
improve cognitive ability by stimulating cholinergic system or increase neurotransmitters 
level (Shivakumar et al. 2014). A similar study carried out on cognitive impaired mouse 
by scopolamine induction implied that sea buckthorn could be helpful on cognitive 
disorder by promoting antioxidant system (Attrey et al. 2012). A number of elderly 
individuals who suffered from dementia were supplied with sea buckthorn juice for six 
months in which sea buckthorn appeared to be an effective remedial measure for age 
related memory loss and other cognitive deficits (Dubey & Agrawal 2003). 
 
Flavonoid is one of the major bioactive compounds which is rich in sea buckthorn. 
Research has indicated that sea buckthorn’s flavonoid can improve cognitive impairment 
by decreasing oxidative stress (Attrey et al. 2012). At the same time, sea buckthorn’s 
flavonoid is capable of activating the extra-cellular signal-regulated kinase and protein 
kinase B signalling pathways (a signal transduction pathway) which could improve long-
term memory (Spencer 2008). Quercetin is the key flavonoid in sea buckthorn enhancing 
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cognitive function due to strong free radical scavenging ability (Terdthai et al. 2010). Sea 
buckthorn is rich in antioxidants and its major antioxidants include but not limited to 
vitamins (C, B1, B2, B6, E), SOD, and flavonoids (Xu, Sun & Qiu 1999). In China, 
researchers undertook a series of study regarding sea buckthorn’s benefit on cognitive 
function. The memory improvement was attributed to sea buckthorn’s strong antioxidant 
property which could not only prevent lead accumulation but also alleviate lead’s toxicity. 
On the other hand, sea buckthorn could reduce lead-increased monoamine oxidase activity 
which was associated to nervous disorder (Xu, Han & Yu 2005). In a similar trial using 
mice with lead-induced deficit of learning, oral administration of sea buckthorn juice 
improved mice’s memory (Xu, Sun & Qiu 1999). 
 
At the same time, sea buckthorn’s beneficial effect on cardiovascular disease also reduces 
the risk of AD as discussed in 2.1.8.3.  
 
2.3.4.2.2 Goji berry 
Goji berry is rich in polysaccharide which is beneficial to cognitive function and reduce 
AD risk. Goji berry’s polysaccharide exhibits neuroprotective effect and ameliorate 
neurological dysfunction (Shi et al. 2017). The polysaccharide derived from goji berry 
could protect protein kinase from being phosphorylated by Aβ (Benzie, Wachtel-Galor & 
Boca 2011). The polysaccharide also reduces Aβ toxicity through decreased level of 
lactate dehydrogenase (Yu et al. 2005). In addition, goji berry polysaccharide reduces tau 
phosphorylation (Hua, Liu & Zhang 2010). Betaine is another goji berry bioactive 
compound which could enhance memory. Research has indicated that betaine has positive 
effect against lipopolysaccharide-included memory impairment (Miwa et al. 2011).  
 
2.3.4.3.3 Lupin 
No work has been done on the linkage between lupin and AD. However, lupin is high in 
protein and fibre which has shown great potential in reduction of AD risk.  
 
2.3.4.3.4 Carob 
Carob is abundant in phenolic compounds which could not only protect but also 
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ameliorate neurogenerative disease. For example, carob cinnamon could improve 
monosodium glutamate-induced AD through reduction of cognition and hippocampus 
neuronal cells loss (Jackson et al. 2014). Ferulic acid in carob could reduce Aβ (Tosetti, 
Noonan & Albini 2009). Chlorogenic acid protects neuros against oxidative stress (Oboh 
et al. 2013). 
 
2.3.4.3.5 Turmeric 
Turmeric can reduce memory and cognitive decline. Research has demonstrated that 
curcumin extracted from turmeric can enhance clearance of Aβ (Downey 2014). Both 
curcumin and curcuminoid in turmeric have numerous effects ameliorating symptoms of 
AD. One of the major concerns in curcumin application is poor absorption and 
bioavailability (Prasad, Tyagi & Aggarwal 2014). One study suggested that the formulated 
form of curcumin showed better bioavailability than that of unformulated form (Prasad, 
Tyagi & Aggarwal 2014). Incorporation of curcumin into food formulations could not 
only increase end product nutritional value but also improve the bioavailability of 
curcumin. At the same time, curcumin can boost the levels of brain-derived neurotrophic 
factor (BDNF) by assisting new neurons growth and resisting various degenerative 
processes in brain (Gunnars 2016).  
 
2.3.5 In vitro and in vivo studies 
In vitro is the technique performed ‘in glass’ or test-tube using isolated organism 
components under controlled environment that is away from their original biological 
circumstances (Yang & Xiong 2012). Common examples of in vitro components include 
microorganisms, cells and biological molecules. On the contrary, study conducted in 
living organism in which biological entities are tested on whole, such as animal, human 
or whole plants are called in vivo (Lippi et al. 2008). In vitro using a partial or dead 
organism while in vivo using a whole and living organism. 
 
In vitro can produce high-throughput screening results under different conditions which 
provide researchers with basic mechanisms of interested therapeutic agent. On the other 
hand, in vivo is expensive with ethical issues, such as potential exposure to side effect. 
Therefore, in vitro is usually employed before in vivo for a new therapeutic agent study. 
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One of the important in vitro technologies is cell culture where cells are removed from an 
organism and maintained in a strictly-managed environment. Cell culture techniques 
allow researchers to simplify the cellular environment with minimal confounding 
interactions which could provide basic mechanisms of targeted drugs or toxins in a cost-
efficient way (Carter & Shieh 2015). A primary cell line features a lot of original cells 
characteristics which could distinguish direct effect and indirect internal effect between 
targeted therapeutic agent and cell culture system (Yang & Xiong 2012). A summary of 
recent cell culture studies regarding sea buckthorn and goji berry with potential 
association to AD is shown in Table 7.  
 
Table 7: Cell culture study on sea buckthorn and goji berry with potential association 
to AD 





extract from both 
berries and 
leaves 
Evaluated sea buckthorn 
neuroprotective effect through 
H2O2 induced cytotoxicity in 
human neuroblastoma cell line  
Sea buckthorn has 
neuroprotective effect  






Used Caco-2 cell culture 
model to assess enzyme 
digested sea buckthorn berry’s 
bioavailability  
In vitro digestion 







(Guo et al. 
2017) 
Sea buckthorn 
seed oil  
Determined sea buckthorn 
seed oil effect on UV-Induced 
human skin cells  
--Prevention of UV-
induced disturbances in 
skin fibroblasts and 
keratinocytes  









Goji berry extract  Investigated goji berry effect 
on human hepatocellular 
carcinoma cells  
--Protective effect on DNA 
damage 











effect on production of 
lipopolysaccharide-induced  
proinflammatory mediators in 
BV2 microglia 
Reduced expression of 
HSP60 and inhibited 
Tumour Necrosis Factor -









Evaluation on the effect of 
oxygen-glucose deprivation 
exposed cells  
















Chapter 3 Materials and Methods 
 
3.1 Collection of sea buckthorn berries  
H.rhamnoides which is the most common species of sea buckthorn in China was selected 
for this research. Sea buckthorn berries were hand-picked from bushes during the first 
harvest season of 2016 at four different geographical locations (Table 8). Sea buckthorn 
samples were collected in triplicate. Ten kilos of sea buckthorn berries were picked at 
each location and placed in plastic bags with ice pack, and immediately delivered to the 
laboratory by express courier service. The sea buckthorn berries were rinsed by tap water. 
The washed and drained berries then packed in sealed plastic bags and stored at -18°C for 
further analysis (freezer: BC/BD-271SHT, Haier, China). 
 
Table 8: Sea buckthorn sample collection details 
Sample Location Province Altitude Longitude & 
Latitude 
Collection date 
1 Datong Qinghai 
Province 
2500 m 101º67’ E, 
36º92’ N 
16 Oct 2016 
2 Habahe Xinjiang Uygur 
Autonomous 
Region 
2000 m 86º41’ E, 
48º05’ N 
5 Oct 2016 
3 Lueliang Shanxi 
Province 
1500 m 113º13’ E, 
37º52’ N 
25 Sept 2016 
4 Jianping Liaoning 
Province 
1000 m 119º63’ E, 
41º38’ N 
10 ept 2016 
 
3.2 Sea buckthorn juice preparation 
Frozen sea buckthorn berries were defrosted in a microwave oven (M1-L202B, Media, 
China) for 3 mins at the power input 900 W. The berries were crushed by a mixer grinder 
(SXJ-5L, YIKAI, China) for 5 mins. Seeds were manually removed from the pulp. The 
juice was separated by passing through a 30-mesh steel sieve immediately. The juice was 
collected in glass bottles and stored in a fridge (BCD-216SDN, Haier, China) for future 
use. The juice was used immediately after being made. Alternatively, the maximum 
duration of juice stored in the fridge was 48 hours at 4°C.  
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3.3 Sea buckthorn powder 
The sea buckthorn juice was utilised for making sea buckthorn powder (SBP) by three 
different drying methods. Maltodextrin (13.5% by weight) was added to sea buckthorn 
juice before drying. All dried SBP samples were transferred to plastic packaging foil (size 
15 cm × 20 cm), then sealed immediately by a vacuum sealer (TVS-2013ZGJ, Fresh 
World, China) and placed in a desiccator. All powder samples were analysed for moisture, 
vitamin C, sugar, fat, total flavonoid and vitamin E contents as well as antioxidant activity. 
Testing of major fatty acids, such as palmitic, linoleic, palmitoleic, linolenic and oleic 
acids were also performed. The SBP with the best nutritional value was selected as a major 
ingredient in drink powder formulation. 
 
3.3.1 Spray drying 
A spray dryer (CN42568, GEA, China) was used to dry sea buckthorn juice samples. The 
inlet air temperature was set at the temperature of 180°C, 190°C or 200°C. The outlet air 
temperature was 80°C while the feed pump (BT100-2J, Longer, China) rotational speed 
was 10 rpm.  
 
3.3.2 Convective drying 
The prepared sea buckthorn juice was poured into glass petri dishes (10 g sea buckthorn 
juice per petri dish, petri dish’s diameter was 84 mm) and then immediately placed in an 
experimental dryer (DHG-9145A, Yiheng, China). The convective drying conditions were 
set at the temperature of 80, 90 and 100°C respectively for 12 hours at atmospheric 
pressure. 
 
3.3.3 Freeze drying 
Samples were freeze dried using a vacuum freeze dryer (FD-2C, Bilon, China). Sea 
buckthorn juice was placed in glass petri dishes (10 g sea buckthorn juice per petri dish, 
petri dish diameter was 84 mm). The freeze drying temperature was set at -60°C and the 
freeze dry duration was selected at 24, 30 and 36 h respectively. A summary of drying 




Table 9: Drying methods and conditions 









-- Moisture, vitamin C, sugar, fat, 
total flavonoid and vitamin E 
contents 
-- Fatty acids composition 
(palmitic, linoleic, palmitoleic, 
linolenic and oleic acids)  
















3.4 Other raw materials 
Goji berry powder was purchased from Bozhou Baofeng Biotech Co., Ltd. in China. 
Turmeric powder was purchased from Najing Puweili Food Co., Ltd in China. Lupin flour  
was obtained from Lotus Foods Australia. Carob powder was ordered from Bob’s Red 
Mill Natural Foods in US. Malt extract from barley was purchased from Beijing 
Hongrunbaoshun Technology Co., Ltd. in China. Xanthan gum was supplied by Shandong 
Fufeng Fermentiaon Co., Ltd. in China. Maltodextrin was ordered from Zhecheng Gendao 
Co. Ltd in China. 
 
3.5 Drink powder 
All drink powder samples were tested for moisture, protein, sugar, vitamin C, 
polysaccharide, carotenoid, total flavonoid, fat, total phenolic contents and antioxidant 
activity. The drink powder with the best nutritional value was selected for further analysis. 
The selected SBP and drink powder were also tested for aerobic plate count, Salmonella 
and E. coli and ensured they were safe to be consumed. Cell culture techniques including 
MTS assay, bicinchoninic acid (BCA) assay, Western blotting analysis, ELISA and AFM 
analysis were performed for selected drink powder and its major ingredients (SBP and 
GBP) and determined the effects on degradation or clearance of amyloid beta. A mixture 
of SBP and GBP (simply called SG) at the same ratio (by weight) to that of selected drink 
powder formulation was also performed for all cell culture techniques and investigated if 





SBP, GBP, lupin flour, carob powder, turmeric powder, malt extract and xanthan gum 
were added as per formulations in Table 10. Then they were mixed evenly by a mixer 
(SXJ-5L, Yikai, China).  
 

















1 35 15 10 5 1 33.9 0.1 100 
2 35 15 10 10 1 28.9 0.1 100 
3 35 15 15 5 1 28.9 0.1 100 
4 35 15 15 10 1 23.9 0.1 100 
5 35 15 20 5 1 23.9 0.1 100 
6 35 15 20 10 1 18.9 0.1 100 
7 35 20 10 5 1 28.9 0.1 100 
8 35 20 10 10 1 23.9 0.1 100 
9 35 20 15 5 1 23.9 0.1 100 
10 35 20 15 10 1 18.9 0.1 100 
11 35 20 20 5 1 18.9 0.1 100 
12 35 20 20 10 1 13.9 0.1 100 
13 35 25 10 5 1 23.9 0.1 100 
14 35 25 10 10 1 18.9 0.1 100 
15 35 25 15 5 1 18.9 0.1 100 
16 35 25 15 10 1 13.9 0.1 100 
17 35 25 20 5 1 13.9 0.1 100 
18 35 25 20 10 1 8.9 0.1 100 
19 35 30 10 5 1 18.9 0.1 100 
20 35 30 10 10 1 13.9 0.1 100 
21 35 30 15 5 1 13.9 0.1 100 
22 35 30 15 10 1 8.9 0.1 100 
23 35 30 20 5 1 8.9 0.1 100 
24 35 30 20 10 1 3.9 0.1 100 
25 40 15 10 5 1 28.9 0.1 100 
26 40 15 10 10 1 23.9 0.1 100 
27 40 15 15 5 1 23.9 0.1 100 
28 40 15 15 10 1 18.9 0.1 100 
29 40 15 20 5 1 18.9 0.1 100 
30 40 15 20 10 1 13.9 0.1 100 
31 40 20 10 5 1 23.9 0.1 100 
32 40 20 10 10 1 18.9 0.1 100 
33 40 20 15 5 1 18.9 0.1 100 
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34 40 20 15 10 1 13.9 0.1 100 
35 40 20 20 5 1 13.9 0.1 100 
36 40 20 20 10 1 8.9 0.1 100 
37 40 25 10 5 1 18.9 0.1 100 
38 40 25 10 10 1 13.9 0.1 100 
39 40 25 15 5 1 13.9 0.1 100 
40 40 25 15 10 1 8.9 0.1 100 
41 40 25 20 5 1 8.9 0.1 100 
42 40 30 20 10 1 3.9 0.1 100 
43 40 30 10 5 1 13.9 0.1 100 
44 40 30 10 10 1 8.9 0.1 100 
45 40 30 15 5 1 8.9 0.1 100 
46 40 30 15 10 1 3.9 0.1 100 
47 40 30 5 5 1 18.9 0.1 100 
48 40 15 5 10 1 13.9 0.1 100 
49 45 15 10 5 1 23.9 0.1 100 
50 45 15 10 10 1 18.9 0.1 100 
51 45 15 15 5 1 18.9 0.1 100 
52 45 15 15 10 1 13.9 0.1 100 
53 45 15 20 5 1 13.9 0.1 100 
54 45 15 20 10 1 8.9 0.1 100 
55 45 20 10 5 1 18.9 0.1 100 
56 45 20 10 10 1 13.9 0.1 100 
57 45 20 15 5 1 13.9 0.1 100 
58 45 20 15 10 1 8.9 0.1 100 
59 45 20 20 5 1 8.9 0.1 100 
60 45 20 20 10 1 3.9 0.1 100 
61 45 25 10 5 1 13.9 0.1 100 
62 45 25 10 10 1 8.9 0.1 100 
63 45 25 15 5 1 8.9 0.1 100 
64 45 25 15 10 1 3.9 0.1 100 
65 45 25 5 5 1 18.9 0.1 100 
66 45 25 5 10 1 13.9 0.1 100 
67 45 30 10 5 1 8.9 0.1 100 
68 45 30 10 10 1 3.9 0.1 100 
69 45 30 15 5 1 3.9 0.1 100 
70 45 30 5 10 1 8.9 0.1 100 
71 45 30 5 5 1 13.9 0.1 100 
SBP- sea buckthorn powder; GBP- goji berry powder; LF – lupin flour; CP- carob powder; TP- 
turmeric powder; ME- malt extract; XG- xanthan gum  
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3.5.2 Grinding and sieving 
The drink powder mixture was blended and ground by a lab grind machine (5E-PCM, 
Pulverizer, China) and large particles were removed by sieving through a 120-mesh steel 
sieve. 
 
3.5.3 Heat treatment 
To ensure the food safety of drink powder, the dry blend was heat treated by placing on 
trays in an oven dryer (XH03-GW2-2/1, Zhongxi, China) at 80°C for 2 h at atmospheric 
pressure. This condition was out of the food temperature danger zone and could kill 
Salmonella (USDA 2017). The dried drink powder was then transferred to plastic 
packaging foil (size 15 cm × 20 cm) and sealed immediately by a vacuum sealer (TVS-
2013ZGJ, Fresh World, China) and stored in a desiccator for further analysis.  
 
3.6 Determination of chemical compounds 
3.6.1 Moisture content 
Moisture content was determined as per the Association of Official Analytic Chemists 
(AOAC) method 925.09. Samples were ground and homogenised through a mortar until 
there was no visible clumps. Approximately 1 g sample was weighed into pre-dried and 
weighed drying dishes with lids. The dishes with samples were then placed into an air 
oven (DHG-9145A, Yiheng, China) and dried for 16 h at 105°C. After drying, the dishes 
were taken out and cooled down in a dessicator for half an hour to room temperature and 
weighed again. The analysis was carried out in triplicate. The moisture contents were 




×100 — Equation 1 
Where:  
W1 = weight of dish + lid 
W2 = weight of dish + lid + sample 
W3 = weight of dried dish + lid + sample 
 




3.6.2 Total flavonoid content 
Total flavonoid content (TFC) was determined based on rutinum as a reference through 
the UV spectrophotometry method (Hou et al. 2014). Rutinum was used as a standard 
solution where rutinum concentration was 0.20 mg/mL (in 60% ethanol solution). 
Rutinum was dried at 105°C in an air oven (DHG-9145A, Yiheng, China) until constant 
weight before use. Exactly 0.02 g rutinum was weighed and diluted with 60% ethanol in 
a 100 mL volumetric flask, so the rutinum standard solution’s concentration was 0.2 
mg/mL  
 
Samples of rutinum standard solution with different volumes (0, 1, 2, 3, 4 and 5 mL) were 
added into a 25 mL tube respectively. Distilled water was added to each tube until the 
liquid level reached 10 mL. Then 1 mL 5% sodium nitrite solution, 1 mL 10% aluminium 
nitrate solution and 4 mL 20% sodium hydroxide were added into each individual tube 
and then distilled water was added until the liquid level reached 25 mL. After 15 mins, 
the absorbance was measured at the wavelength of 510 nm using the 1st tube as blank 
(ultraviolet spectrophotometer, UV-2000, UNIC, China). The standard curve of rutinum 
was obtained and the regression equation was drawn based on the 5 absorbance readings.  
 
Exactly weighed 1 g sample (recorded as m) and then diluted by 90 mL 60% ethanol in a 
beaker, followed by a 20 min water bath (HH-21-4, Noki, China) at 100ºC. Once the 
sample solution cooled down to room temperature, it was quantitatively transferred into a 
100 mL volumetric flask and filled with 60% ethanol until the liquid level reached the 
mark. Then a 2 mL aliquot was taken from the volumetric flask and dispensed into a 25 
mL tube. Then 8 mL of distilled water, 1 mL 5% sodium nitrite solution, 1 mL 10% 
aluminium nitrate solution, 4 mL 20% sodium hydroxide and distilled water were added 
to reach the 25 mL mark (this tube was marked as sample solution). While in another tube, 
2 mL sample solution was taken from the volumetric flask into a 25 mL tube and then 
added with 8 mL distilled water, 1 mL 5% sodium nitrite solution, 4 mL 20% sodium 
hydroxide and then distilled water was added to 25 mL mark (this tube was marked as 
control solution). After 15 mins, both sample solution and control solution were filtered 
through filter paper. The absorbance of filtered sample solution and control solution were 
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measured at the wavelength of 510 nm though the ultraviolet spectrophotometer. The TFC 
(m1) of the sample solution was calculated through regression equation using Δ 
absorbance (sample solution – control solution). The TFC of sample was determined by 
the Equation 2 (Wang et al. 2010).  
TFC (%) =
m1 × 100
m × 2  × 1000
×100 — Equation 2 
Where  
m1 = total flavonoids (mg) in the sample solution 
m = weight of the sample (g)  
 
If absorbance value was not within the range of 0.2-0.8, the test was repeated by changing 
the mass of the sample.  
 
3.6.3 Vitamin C content 
Vitamin C content was determined through a method based on a redox titration using 
potassium iodate (Li et al. 1989). The principle of this method is ascorbic acid could be 
oxidised when potassium iodate is added during the titration. This method was 
demonstrated suitable for determination of vitamin C in sea buckthorn juice (Li et al. 
1989). Two millilitre sea buckthorn powder solution (1%) was diluted by 1% oxalic acid 
in a 1000 mL volumetric flask. The sample weight was exactly recorded as m. Pipetted 10 
mL sample solution into a conical flask and added with 0.5 mL 1% potassium iodide, 2 
mL 0.5% starch indicator solution. Then 0.001 N potassium iodate (this solution was 
prepared using 0.3567g potassium iodate diluted by distilled water in a 1000 mL 
volumetric flask; each millilitre of the consumed potassium iodate meant 0.0088 mg 
vitamin C was present in the sample) was used to titrate the sample by microburette. The 
endpoint of the titration was identified as the first permanent trace of a light blue colour 
due to the starch-iodine complex. For each sample, the titration was carried out in triplicate 
until concordant results (the volumes of titres were within 0.1 mL). The vitamin C content 
was calculated by Equation 3.  
Vitamin C content (mg/100g) =
0.0088 × V1
2 × m
×100×100 — Equation 3 
 
Where: 
V1 = total volume (mL) of potassium iodate consumed for titration  




3.6.4 Sugar content 
The sugar content was determined by titration with Fehling’s reagent (He 2008). Before 
the testing, Fehling’s stock solution A (by dissolving 69.3 g CuSO4·5H2O in distilled 
water and diluted in a 1 L volumetric flask) and Fehling’s stock solution B (by dissolving 
346 g KNaC4H4O6·4H2O and 100 g NaOH in distilled water and diluted in a 1 L 
volumetric flask) were prepared.  
 
Exactly 0.4 g glucose (m1) was dissolved in distilled water in a 250 mL volumetric flask. 
Then 2.5 mL Fehling’s stock solutions A and B were pipetted separately into a 150 mL 
beakerflask and then 20 mL distilled water was added. The beakerflask was then placed 
on the electric stove (ER-30S, Xiehao, China) until the solution was boiling. Then titrated 
beakerflask with glucose solution until the solution turned red, then added 1 drop 
methylene blue indicator, continued to titrate until the dark colour was faded and 
eventually turned red (the beakerflask was kept boiling during titration). The equivalence 




 — Equation 4 
Where: 
m = equivalent mass of glucose (g) that contained in 5 mL of Fehling’s reagent 
(both A and B) 
m1 = mass of glucose (g) 
V1 = volume of glucose solution which was consumed in titration (mL) 
 
Then 1.5- 2.5 g sample (m2) was placed into a 100 mL beaker, diluted with 50 mL distilled 
water and agitated by an electric agitator (JB90-D, Biaoma, China) at 800 rpm for 30 mins. 
The solution was transferred into centrifuge tubes. Then the beaker was washed by another 
20 mL distilled water which was also transferred into the centrifuge tubes. The centrifuge 
tubes were placed on centrifuge (TGL-16M, Xiangyi, China) for centrifugation under 
3000 rpm for 10 mins and the upper solution was filtered by filter paper, then transferred 
into a 250 mL beakerflask. Then used another 30 mL distilled water to wash the original 
beaker and all liquid was transferred into centrifuge tubes for centrifugation under 3000 
rpm for 10 mins. The upper solution was also filtered by filter paper and transferred into 
the same 250 mL beakerflask. Then 10 mL HCl (6 mol/L) was added into the beakerflask 
and water bathed at 70°C for 10 mins (HH-21-4, Noki, China). Once the solution cooled 
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down, 1 drop phenolphthalein indicator and 20% NaOH were added until the solution 
turned to light red. Then the solution was transferred into a 250 mL volumetric flask and 
filled with distilled water until it reached the mark. The sample solution was used to titrate 
the known Fehling’s reagent (volume of sample solution consumed was marked as V2). 
The procedure was the same as titrating the glucose solution. The sugar content was 






×100 — Equation 5 
Where: 
X = sugar content (based on glucose, g/100g) 
m = equivalence of mass of glucose (g) that contained in 5 mL of Fehling’s reagent 
(both A and B) 
m2 = mass of the sample (g) 
V2 = volume of sample solution which was consumed in titration (mL) 
 
3.6.5 Fat content 
The fat content was determined using the AOAC method 963.15. A Foss Extraction Unit 
(ST310, Denmark) was employed to analyse the fat content. Accurately weighed 2-5 g 
finely comminuted (through a mortar) sample (W1), and carefully placed into a thimble. 
A piece of cotton wool was placed in the top of the thimble, and then inserted the thimble 
into a Soxhlet machine. Weight of the extraction cup containing two glass beads was 
recorded as W2 and placed beneath the corresponding extraction chamber. Once sealed, 
the Soxhlet machine was filled with approximately 120 mL of petroleum ether to begin 
the fat extraction process. At the end of the 6-hour extraction period, the solvent in the 
extraction cup was evaporated and then dried in an oven (DHG-9145A, Yiheng, China)  
at 105 ºC overnight. Weight of the dried extraction cup was recorded as W3. The fat 
content of the sample was calculated based on Equation 6. 
Fat content (%) =
(W3-W2)
W1
×100 — Equation 6 
Where:  
W1 = Dried sample weight (g) 
W2 = Extraction cup plus beads weight (g) 
W3 = Fat and extraction cup with beads weight (g) 
 
3.6.6 Major fatty acids composition 
Fatty acids including palmitic, linoleic, palmitoleic, linolenic and oleic acids were 
determined as per AOAC 2012.13. In this method, samples were analysed by means of 
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direct in-matrix trans esterification followed by gas chromatograph (GC)/ flame ionisation 
detector (FID) analysis. Fatty acids present in acylglycerols were transformed into fatty 
acids methyl esters (FAMEs) in this process.  
 
One gram sample (approximately containing 50 mg fat) was placed in a 25 mL centrifuge 
tube, followed by 2 mL purified water and mixed to dissolve. After 15 mins, added 5 mL 
of internal standard (C11:0 FAME + C13:0 triacylglyceride, each at 2 mg/mL in methyl 
tert-butyl ether) and 5 mL of 5% (w/v) methoxide sodium methoxide solution, then closed 
the tube and vortex for 10 seconds in a vortex mixer (vortex-5, Kylin-Bell, China). After 
180 seconds (time started when sodium methoxide was added), 2 mL of hexane was 
added. After 210 seconds, 10 mL of neutralisation solution (containing 10% disodium 
hydrogen citrate and 15% sodium chloride) was added. Samples were shaken in the vortex 
mixer vigorously for 1 min and then followed by a centrifuge (TGL-16M, Xiangyi, China) 
at the speed of 1750 rpm for 5 mins. Transferred 200 µL of supernatant into 10 mL flask 
and diluted to mark (10 mL) with hexane. 
 
The gas chromatograph (7890A, Agilent Technologies, US) was used and separation 
conditions were as follows: 
Column: HP-5MS (30 m × 0.25 mm × 0.25 µm) (Agilent Technologies, US) 
Injection temperature: 280°C  
Initial temperature at column: 50°C for 2 mins, and then increased at 10°C/ min until 
it reached 180°C for 5 mins, and then continued to increase the temperature at 10°C/ 
min until it reached 260°C for 20 mins.  
Carrier gas: helium, 1 mL/min 
Detector: flame ionisation detector, 230°C 
Feed rate: 1 µL,  
Split ratio: 10:1 
Sample: cis/trans FAME Column Performance Mix (CDDE-GLC-NESTLE-37-
25MG, NU-CHEK, US) 
 
Once the equipment was set up properly, a volume of 1.5 mL hexane extract was pipetted 
into an auto-sampler vial and analysed by the gas chromatography. To avoid some 




The fatty acids were identified by retention time which was compared to a standard 
consisting of C4:0-C24:0 saturated fatty acids (SFAs), C15:1-C20:1 monounsaturated 
fatty acids (MUFAs) and C18-C22 polyunsaturated fatty acids (PUFAs). This same 
standard was utilised for calculation of response factors in terms of calculating the levels 
of each fatty acid identified in the sample accordingly. The results were expressed as a 
relative area percent of total FAMEs as equation 7 below.  
Fat acid composition (%)=
As
AT
×100 — Equation 7 
Where:  
As = area of the specific fatty acid peak 
AT = total area of the main fatty acid peaks 
 
3.6.7 Vitamin E content  
Vitamin E content was determined as per AOAC 2012.10. The sample was pre-treated 
before analysis. Exactly weighed 2 g sample, placed in a saponification flask and then 
mixed and stirred by a rod with 30 mL 100% ethanol until the particles were distributed 
evenly. Then added 5 mL ascorbic acid (10%), 2 mL Benzo[e]pyrene standard solution 
(benzo[e]pyrene was dissolved in ethanol which was free of aldehyde, concentration was 
10 µg/ mL), 10 mL potassium hydroxide (50%) into the saponification flask and mixed 
well by a rod. Placed the saponification flask on a boiling water bath (HH-21-4, Noki, 
China) for reflux for 30 mins and then quickly put the saponification flask into water until 
it was cooled down. 
 
Transferred the sample into separating funnel, used 50 mL purified water to wash the 
saponification flask and collected all the water into the separating funnel. Then 50 mL 
aether was used to wash the saponification flask twice until all the sample residues were 
collected. Manually shake separating funnel vigorously for 2 mins until the liquid clearly 
showed two layers when it was stable, removed the water layer (down layer). Used 
approximately 50 mL purified water to wash the aether layer (upper layer) until the pH 
test paper indicated aether layer was neutral.  
 
Then filtered the aether layer into evaporative flask through 5 g anhydrous sodium sulfate. 
Used another 100 mL aether to wash the separating funnel and anhydrous sodium sulfate 
for 3 times, collected all the washing liquid into the evaporative flask and placed it at a 
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water bath (HH-21-4, Noki, China) at the temperature of 55 ºC under vacuum distillation 
condition while aether was collected at the same time. Removed the evaporative flask 
when there was approximately 2 mL aether remaining, blowed off the aether immediately 
by nitrogen sample concentrator and quickly added 2 mL ethanol, mixed thoroughly by 
shaking for dissolution. Then transferred the ethanol solution into a tube for centrifugation 
(centrifuge: TGL-16M, Xiangyi, China) at 5000 rpm for 5 mins. The upper solution was 
taken for chromatographing.  
 
Took 100 µL of each standard solution of vitamin E form (dissolved in ethanol which was 
free of aldehyde, concentration was 1 mg/1 mL) and diluted in 3 mL ethanol, then used 
the conditions shown in Table 11 to determine the absorbance of each vitamin E form 
through an ultraviolet spectrophotometer (UV-2000, UNIC, China). In this method, the 
peak of γ-tocopherol consisted of β-tocopherol’s peak because they were isomers. 
 












α-tocopherol 100.00 71 294 
γ-tocopherol 100.00 92.8 298 
δ-tocopherol 100.00 91.2 298 
 










 — Equation 8 
 
Where 
C1 = concentration of vitamin E (g/mL) 
A= average absorbance of vitamin E at specified wavelength 
V = volume (µL) of each standard vitamin E form solution 
E-= absorptivity of each vitamin E form 
3.00
V×10-3
 = dilution factor 
 
Equally mixed standard solution of α-tocopherol, β-tocopherol, γ-tocopherol, δ-
tocopherol and benzo[e]pyrene, injected into HPLC (model LC-10A; Shimadzu; UV Dual 
wavelength detector model SPD-20A, Shimadzu) for quantification through internal 
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standard method until each peak height was around 70% of the full peak while the low 
height was 50% of the peak height. The HPLC conditions used were: 
 
Pre-column: ultra-sphere ODS 10 µm, 4 mm × 4.5 cm (Hichrom, UK) 
Chromatographic column: ultra-sphere ODS 5 µm, 4.6 mm × 25 cm (Hichrom, UK) 
Mobile phase: methanol (98%), purified water (2%) 
Flow rate: 1.7 mL/min 
Wavelength of ultraviolet detector: 300 nm 
Sample size: 20 µL 
 
The linear regression equation was drawn where concentration of vitamin E was X axis 
and the peak area ratio of vitamin E and benzo[e]pyrene was Y axis. The peak retention 
time was utilised to identify the vitamin E form while the ratio of each peak area and 
benzo[e]pyrene was applied to calculate the concentration of each vitamin E form based 
on the linear regression equation.  Each vitamin E form content of the sample was 
calculated through the equation 9. The total vitamin E content was the sum of each vitamin 
E form.  
Vitamin E content (mg/ 100g) = 
c
m
 × V × 
100
1000
 — Equation 9 
Where 
c = vitamin E concentration (µg/ mL) 
V = volume of the sample (mL) 
m = sample weight (g) 
 
3.6.8 Protein content 
Protein content of samples was determined using the Kjeldahl method adapted from 
AOAC 920.87 with some modifications where sulphuric acid (H2SO4), phosphoric acid 
(H3PO4) and hydrogen peroxide (H2O2) were used in the digestion step instead of mercury 
(II) oxide (HgO) and potassium sulphate (K2SO4). Approximately 50 mL of 40% NaOH 
was added into digested samples and steam distilled. The distillate was collected into a 
conical flask containing 25 mL of boric acid plus indicator. The distillate was titrated with 






(V1 - V2) × 0.1 × 0.014
m
×f×100 — Equation 10 
 
Where  
V1 = volume of HCL consumed (mL) 
V2 = black volume before titration (mL) 
0.1 = concentration of HCL (mol/L) 
0.014 = coefficient for the mass of nitrogen equivalent to each millilitre HCL 
titrated 
m = sample mass (g) 
f = 6.25, coefficient for food converting nitrogen content to protein content  
 
3.6.9 Polysaccharide  
Polysaccharide content was determined through phenol-sulfuric acid colorimetry (Jia et 
al. 2015). For presence of intentionally added maltodextrin in the sample, some 
researchers used glucoamylase hydrolysis and ethanol precipitation as pre-treatment 
before polysaccharide determination. One research study indicated that the optimum pre-
treatment condition for spray dried goji berry powder containing maltodextrin was adding 
20% glucoamylase based on the sample weight under 60°C water bath for 30 mins (Jia et 
al. 2015). However, this method may also degrade or even remove some other bioactive 
compounds during the process due to heat treatment. On the other hand, mallotoxin is a 
form of polysaccharides.  
 
Prepared the glucose solution as reference at a concentration of 90 µg glucose/mL. Exactly 
pipetted 0.2, 0.4, 0.6, 0.8, 1.0 mL glucose solution and placed into 10 mL testing tubes, 
added distilled water until it reached the 1 mL mark. Exactly pipetted 1 mL 5% phenol 
solution and 5.0 mL sulphuric acid (ρ=1.84 g/mL) respectively. Shake each tube for 
manually 2 min and followed by a 20 min boiling water bath (HH-21-4, Noki, China), and 
then placed in a cold water bath for 5 min. Each solution’s absorbance was measured at 
488 nm through an ultraviolet spectrophotometer (UV-2000, UNIC, China). Distilled 
water was used as blank. Therefore, standard curve of glucose was drawn based on the 
readings and regression equation was obtained. 
 
Exactly weighed 0.5 g sample and placed into a flask, added 200 mL distilled water 
followed by a reflux. The condensate was collected and carefully transferred into a 250 
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mL volumetric flask. Using distilled water to wash the reflux collector and poured all 
wash liquid into the volumetric flask until it reached the mark. Exactly pipetted 2 mL 
solution into a centrifuge tube followed by centrifugation at 4000 rpm for 20 mins. The 
precipitate was washed by 8 mL 80% ethanol while the supernatant was removed (this 
process was performed twice). The precipitate was dissolved by warm water (60°C) in a 
flask until it cooled down. Then the precipitate solution was transferred into a 25 mL 
volumetric flask adding distilled water until it reached the mark, so the sample solution 
was prepared. Exactly pipetted 1 mL sample solution and transferred into a 10 mL testing 
tube. Then followed the same procedure as glucose solution to measure sample solution’s 
wavelength. The polysaccharide content was calculated based on Equation 11. 
Polysaccharide content (%)=
C × 25 × 250
m × 2 × 10
6  — Equation 11 
Where 
C = the sugar concentration from standard curve (µg/ mL) 
m = sample weight (g) 
 
3.6.10 Total phenolic content 
Total phenolic content (TPC) determination was based on the Folin-Ciocalteau method 
with sight modification (Du et al. 2015). Gallic acid which is standard phenolic compound 
was used as reference (gallic acid solution was prepared at the concentration of 20 μg/ 
mL). Carefully pipetted 0, 1, 2, 3, 4 and 5 mL gallic acid solution into 10 mL tubes 
respectively followed by adding 5 mL purified water. Then 1.0 mL Folin-Ciocalteau 
reagent was added followed by adding 0.8 mL 7.5% Na2CO3, then added purified water 
until it reached the mark. Kept aside of the solution in dark for 1 hour and each tube’s 
absorbance was measured at the wavelength of 765 nm (ultraviolet spectrophotometer: 
UV-2000, UNIC, China) and gallic acid equivalents (GAE) standard curve was drawn. 
 
Exactly weighed 0.5 g sample and transferred into a reflux extractor followed by adding 
30 mL 70% ethanol. The mixture was reflux extracted for 2 h and then filtered through a 
filter paper. The residues were mixed with 25 mL 70% ethanol for further reflux extraction 
(1 h × 2 ). All the filtrate was collected in a 100 mL volumetric flask. Then using 35% 
ethanol to wash the residues and the wash was also collected in the 100 mL volumetric 
flask. The volumetric flask was then filled with 35% ethanol until it reached the mark. A 
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10 mL aliquot of this solution was transferred into another 100 mL volumetric flask, which 
was made to volume with purified water. Then 1 mL of this sample solution was 
transferred into a 10 mL tube in which 5 mL purified water, 1.0 mL Folin-Ciocalteau 
reagent and 0.8 mL 7.5% Na2CO3 were further added into the tube. This mixture was then 
made up to 10 mL with purified water. This was kept aside in dark for 1 hour and then the 
sample solution’s absorbance was measured at the wavelength of 765 nm. The 
concentration of TPC in the sample was calculated against the GAE standard curve and 
expressed in mg GAE/g as per Equation 12. 
TPC (mg GAE/g)=
C × 1000 × 10
m × 100 × 100 × 10
 — Equation 12 
Where 
m = sample weight (g) 
C = TPC (μg/ mL) from the GAE standard curve 
 
3.6.11 Carotenoid content 
Determination of carotenoid content was conducted through a modified colorimetric 
method where β-carotene was used a reference (Islam et al. 2017). In this method, 100 
μg/mL β-carotene solution was prepared (β-carotene was diluted by n-hexane containing 
0.01% butyl hydroxyl toluene (BHT)). Pipetted 0, 1, 2, 3, 4, 5 mL β-carotene solution into 
10 mL tubes respectively. Then each tube was diluted by n-hexane containing 0.01% BHT 
until it reached the mark. The absorbance of each tube was recorded at a wavelength of 
446 nm and n-hexane containing 0.01% BHT was used as blank (ultraviolet 
spectrophotometer model UV-2000, UNIC). The standard curve of β-carotene solution 
was drawn based on the absorbance readings.  
 
Exactly weighed 0.2 g sample and poured it into a tube, followed by adding 20 mL 
ethanol/ n-hexane (V: V = 4: 3) solution. The tube was then placed in a shaking incubator 
(ZHP-100, Wincom, China) for 20 h at the temperature of 4°C in the dark. The sample 
solution was centrifuged at the speed of 10000 rpm for 10 mins (centrifuge: TGL-16M, 
Xiangyi, China). The supernatant was collected and then dried by a nitrogen sample 
concentrator. The extract was diluted by n-hexane containing 0.01% BHT in a 25 mL 
volumetric flask until it reached the mark. The extract solution’s absorbance was read at 
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the wavelength of 446 nm (n-hexane containing 0.01% BHT was used as blank). The 
carotenoid was calculated by the Equation 13.  
Carotenoid content (mg/ 100g)=
C × V × 100
m × 1000
 — Equation 13 
Where 
m = sample mass (g) 
V = volume (mL) of the sample solution 
C = β-carotene concentration (μg/mL) from the standard curve  
 
3.7 Antioxidant activity 
DPPH (2, 2-diphenyl-l-picrylhydrazyl) assay was employed for determination of 
antioxidant activity (Kim et al. 2011). DPPH solution was prepared at a concentration of 
0.1 mmol /L (in 100% ethanol) and placed in dark at room temperature. The sample 
solution was prepared using supernatant of 0.1% either sea buckthorn or drink powder 
solution after centrifugation at 7500 rpm for 5 mins (centrifuge: TGL-16M, Xiangyi, 
China). Two millilitre sample solution was placed in a tube and then 2 mL DDPH solution 
was added and mixed thoroughly for 30 mins in the dark. In second tube, 2mL sample 
solution was mixed with 2 mL 100% ethanol for 30 mins in the dark which was used as 
blank. In third tube, 2 mL DPPH solution was mixed with 2 mL 100% ethanol and then 
placed in the dark as control for 30 mins. The absorbance of sample solution, blank 
solution and control solution were all recorded at 517 nm by an ultraviolet 
spectrophotometer (UV-2000, UNIC, China). The antioxidant activity was determined in 
terms of scavenging effect as per Equation 14 (Kao & Chen 2006). Ascorbic acid was 
used as the reference to determine antioxidant activity. 
Antioxidant activity (% inhibition of DPPH) =1 - 
Asample - Ablank
Acontrol
 — Equation 14 
Where  
Asample = absorbance of 2 mL sample solution + 2 mL DDPH solution 
Ablank = absorbance of 2 mL sample solution + 2 mL ethanol 
Acontrol = absorbance of 2 mL DPPH solution + 2 mL ethanol  
 
3.8 Microbiological testing 
3.8.1 Aerobic plate count 
The aerobic plate count (APC) was applied to indicate the level of total microorganisms. 
APC was performed as per AOAC 2002.07 with slight modifications. A clean laboratory 
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environment including clean work surface, properly sterilised apparatus was required in 
this testing to avoid any contamination.  
 
Exactly weighed 25 g sample and added into a prepared sterile homogeneous cup which 
contained 225 mL phosphate buffer and homogenised (homogeniser: AH100D, ATS, 
China) under 10000 rpm for 2 min. Pipetted 1 mL sample solution into a sterile tube and 
then added 9 mL phosphate buffer, sample solution (10% by volume) was prepared after 
mixing by a rod. Transferred 1 mL 1:10 sample solution by another sterile pipet and then 
added it to another sterile tube which contained 9 mL phosphate buffer. Shake the tube 
well, so the 1:100 sample solution was ready. The 1:10 and 1: 100 sample solutions were 
kept in a sterile environment. This process was repeated to prepare decimal dilutions of 
10-3, 10-4 as appropriate.  
 
Pour plates were prepared using 1 mL sample solution from 3 above appropriate decimal 
dilutions and phosphate buffer (blank sample) respectively and then added into different 
sterile petri dishes. The testing was performed in triplicate including the blank sample. 
Then immediately poured 15-20 mL pre-melted plate count agar (cooled down to 46 ± 
1°C) to each plate. Then mixed sample solution and agar medium thoroughly and 
uniformly by alternate rotation and back-and-forth motion of plates on flat level surface, 
then the agar was allowed to set. Inverted solidified petri dishes were incubated promptly 
for 48 ± 2 h at 36 ± 1°C (incubator: GHP-9160, Yiheng, China). A colony counter (JK-
CC-30A, Jingke, China) was used to count all colonies in terms of colony-forming units 
(CFUs) on the petri dishes immediately after incubation. The ideal CFU should fall into a 
range of 30 – 300 for easy identification. If the blank petri dish had colonies, this indicated 
contamination and APC testing was deemed invalid and had to be repeated. Therefore, 
APC of the sample was:  
• If CFU from one sample solution fell into the range between 30 and 300 while in the 
other sample solution, CFU was fewer than 30 or over 300, APC was determined by 
the average of CFUs and then multiplied by its dilution factor. 
• If there were two CFUs ranged between 30 and 300 and they were from two sequential 






(n1 + 0.1  × n2)  × d
 — Equation 15 
Where 
N = sample APC in terms of CFU 
∑ 𝐶 = total sum of CFU from all petri dishes 
n1 = CFU of the lower diluted sample solution 
n2 = CFU of the higher diluted sample solution 
d = dilution factor 
• If all CFUs were greater than 300, used the CFU from highest diluted sample solution 
multiplied its dilution factor.  
• If all CFUs were fewer than 30, used the CFU from lowest diluted sample solution 
multiplied its dilution factor.  
• If all CFUs were out of the range (30-300), APC was calculated using the one which 
was closest to either 30 or 3000 and multiplied its dilution factor. 
• If no CFU was identified in any plate, APC was reported as less than 1 multiplied the 
corresponding lowest dilution factor. 
 
3.8.2 Salmonella 
There are many testing methods available to determine Salmonella count. Traditional 
methods usually take 3-5 days to obtain a result. Rapid detection methods are also 
developed and recognised which provide a quick and reliable outcome and widely used in 
food industry. For example, 3MTM PetrifilmTM Salmonella express (SALX) system is a 
rapid testing kit for fast qualitative detection and biochemical confirmation of Salmonella 
species which has been approved by AOAC (AOAC 2013.09). Therefore, this method 
was employed in this research for detection of Salmonella as per manufacture’s guidelines 
(3M, US). SALX consists of Salmonella enrichment base, Salmonella enrichment 
supplement, Salmonella express plate, Salmonella express confirmation disk. 
 
Pre-warmed Salmonella Enrichment Base and Salmonella Enrichment Supplement to 41.5 
± 1.0°C (sample and enrichment rate was 25g/250mL). Combined the enrichment medium 
and sample aseptically, then incubated (incubator: GHP-9160, Yiheng, China) at 41.5 ± 





Used prescribed sterile diluents (prepared by Butterfield’s Phosphate Diluent and distilled 
water, pH = 7) to hydrate the SALX Plates. Then placed SALX Plate on a flat and level 
surface. Lifted the top film and pipetted 2.0 ± 0.1 mL of sterile diluent onto the centre of 
bottom film from the perpendicular dispense. Followed by rolling down the top film onto 
the diluent and then placed the flat spreader on the centre of the plate. Gently pressed on 
the middle of the spreader and spread the diluent over the SALX Plate growth area 
completely for even distribution before the gel was formed. Then took out the spreader 
and left the SALX Plate undisturbed for at least 1 minute until the gel colour was turning 
to the gel card. Placed SALX Plate on a flat surface for minimum 1 hour at room 
temperature (20-25°C / <60% RH) in dark which allowed the gel to form properly (the 
SALX plates must keep warm before use; otherwise, it required to re-warm to room 
temperature). Then the enrichment medium was removed from the incubator and agitated 
vigorously manually. A sterile 10 μL loop (diameter 3 mm) was used to withdraw each 
sample. Then opened SALX Plate and streaked carefully onto the gel, and then rolled 
down the top film to close the SALX Plate. Any air bubbles in the inoculation areas should 
be removed by sweeping motion with even and careful pressure on the top film. Then the 
plates were incubated at 41.5 ± 1.0°C for 24± 2 h in a horizontal position. Visually 
examined the colonies and read the results after removal of the SALX Plates from the 
incubator. Interpretation of the results was carried out as summarised in Table 12.  
 
Table 12: Interpretation of presumptive positive salmonella species 
Colony colour Colony metabolism Result 
Red Dark red Brown Yellow Zone Gas bubble 
√   √  Presumptive + 
√    √ Presumptive + 
√   √ √ Presumptive + 
 √  √  Presumptive + 
 √   √ Presumptive + 
 √  √ √ Presumptive + 
  √ √  Presumptive + 
  √  √ Presumptive + 
  √ √ √ Presumptive + 
 
The following steps had to be performed for biochemical confirmation if the initial 
presumptive positive Salmonella colonies were present. Firstly, circled a minimum of 5 
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isolated presumptive positive Salmonella colonies through a permanent, ultra-fine tip 
marker over the top film of SALX Plate. Confirmation of Salmonella presumptive positive 
results from biochemical perspective was drawn based on SALX Confirmation Disk. In 
the case if the SALX Plates was removed from the incubator but was unable to be analysed 
within 1 hour, then the presumptive Salmonella colonies had to be circled immediately by 
the tip marker and then the plates were put into a sealed plastic bag for later analysis. The 
SALX Plates were stored at -20 to -10°C for less than 72 h away from light.  
 
Carefully peeled the SALX Confirmation Disk package and exposed the disk tab, grasped 
the tab and removed the disk once the SALX Plate was warmed to room temperature (20-
25°C/ <60% RH). Lifted the top film of SALX Plate and inserted the SALX Confirmation 
Disk by rolling it onto the gel which prevented entrapped air bubble, then closed the SALX 
Plate. The SALX System including both plate and disk were incubated at 41.5 ± 1.0°C 
(incubator: GHP-9160, Yiheng, China) for 4-5 h since there was no air bubble in the 
inoculation area and good contact between the gel and SALX Confirmation Disk was 
achieved. The result could be interpreted after removing the SALX System from the 
incubator based on table 6. Colonies might be further sub-cultured if required as per the 
same procedure which was previously discussed. 
 
3.8.3 E. coli 
Many methods have been developed on detection of E. coli. The traditional methods 
usually take 3-7 days white some rapid testing methods are used for a fast outcome. 3MTM 
PetrifilmTM E. Coli/ Coliform Count Plate is a simple and ready-culture medium system 
which is widely applied in food industry, thus it was used in detection of E. coli on SBP 
and drink powder as per manufacture’s guidelines (3M, US).  
 
The sterile diluent was prepared as per formulation: Butterfield’s phosphate buffered 
dilution water, 0.1% peptone water, peptone salt diluent, quarter-strength Ringer’s 
solution, saline solution (0.85-0.90%), bisulfite-free letheen broth or distilled water. The 
sample was finely blended and homogenised with the sterile diluent (1:10 by weight) 
while the pH value of the sample suspension was adjusted to the range of 6.6- 7.2. The E. 
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Coli/ Coliform Count Plate was carefully placed on a flat surface and the top film was 
lifted, then 1 mL of sample suspension was pipetted and dispensed onto the middle of the 
film. Then top film was rolled down onto the sample with no air bubbles trapped. Then 
put the 3M™ Petrifilm™ Spreader on the middle of the plate with gentle pressure, thus 
the sample was distributed evenly, followed by spreading the inoculum over the entire 3M 
Petrifilm EC Plate growth area immediately before the gel was formed. Then 3M Petrifilm 
Spreader was removed while 3M Petrifilm EC Plate was remained for minimum 1 minute 
until the gel was to form. Then the 3M Petrifilm EC Plates was incubated for 24± 2 h at 
35ºC ± 1ºC (incubator: GHP-9160, Yiheng, China). 3M Petrifilm EC Plates was counted 
using a colony counter (JK-CC-30A, Jingke, China) and interpreted according to AOAC 
Official Methods (AOAC 998.08 and 991.14).  
 
3.9 Cell culture techniques  
3.9.1 Degradation or clearance of amyloid beta 
3.9.1.1 Preparation of Aβ oligomer solution 
Amyloid beta oligomer solution was prepared as per the method modified by Stine et al. 
(2011). 
 
3.9.1.1.1 Preparation of 1 mM Aβ 
The 1 mM Aβ solution was prepared by adding 2.217 mL hexafluoroisopropanol (HFIP) 
directly to the vial containing 10 mg Aβ42 lyophilized powder through the rubber septum 
using a 2.5 mL glass Hamilton syringe with a Teflon plunger and sharp (not blunt-end) 
needle. Once the Aβ peptides were completely dissolved, septum was pierced with a 
syringe needle to release the vacuum. The Aβ-HFIP solution was incubated at room 
temperature for 30 mins. Then the glass vial was decapped, and the rubber septum was 
removed (Note: HFIP should not be in contact with the septum). The Aβ-HFIP solution 
was aliquoted by Eppendorf positive-displacement repeating pipette into 100 μL 
(containing 0.45 mg Aβ42) in 1.7 mL microcentrifuge tubes using micropipette. The Aβ-
HFIP solution was allowed to evaporate in the open tubes overnight in a fume hood. To 
remove any remaining traces of HFIP and moisture, tubes were transferred to a SpeedVac 
(PD131DDA, Thermo Scientific, US) and dried for 1 h without heating. A thin and clear 
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film of peptides was observed at the bottom of the tubes once it was removed from the 
SpeedVac. These tubes with dried peptide films were stored over desiccant in a glass jar 
at –20°C in a freezer. Prior to use, Aβ peptide film was taken from the freezer and allowed 
to return to room temperature.  
 
3.9.1.1.2 Preparation of 5 mM Aβ 
The 5 mM Aβ dimethyl sulfoxide (DMSO) stock was prepared by adding 20 µL fresh dry 
DMSO into a tube with 0.451 mg Aβ42 peptide (2 μL to 0.045 mg Aβ42). A complete 
resuspension of peptide film in which the Aβ DMSO stock was clean and cloudless was 
achieved by pipetting thoroughly and scraping down the sides of the tube. Then vortexed 
(vortexer: PV-1, BIOLAB, US) the tube vigorously for 30 seconds and used a 
microcentrifuge tube to collect the solution, followed by sonicating for 10 mins in a bath 
sonicator (ultrasonic cleaner: 250HD, SONICLEAN, Japan). This was used as the starting 
material for oligomeric Aβ preparation.  
 
3.9.1.1.3 Preparation of 100 µM Aβ 
The 100 µM Aβ was prepared by pipetting 2 µL of 5 mM Aβ DMSO solution and 98 µL 
cold phenol-free F12 solution to a new tube. To prepare oligomers, solution was vortexed 
for 15 seconds (vortexer: PV-1, BIOLAB, US) and incubated for 24 h at 4°C in a cold 


















Figure 4: Flow diagram of preparation of Aβ oligomers 
 
3.9.1.2 Culturing of cells 
Culturing of cells was performed according to the manufacturer’s guidelines (ATCC, 
USA).  
 
3.9.1.2.1 Culturing  
BE(2)-M17 (neuroblastoma) cell lines were cultured with growth medium (Dulbecco’s 
modified Eagle medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and 
1% Pen-Strep; growth medium was approximately 5-10 mL for 25 cm2) in culture flasks. 
Cells were checked daily by a microscope (BX51, Olympus, Japan) and ensured they were 
Dissolve lyophilized Aβ peptide in HFIP 
Remove HFIP and dry Aβ peptide film 
Resuspend Aβ peptide film in dry DSMO 
Dilute in F12 cell culture medium 




heathy and growing as expected during incubation at 37°C and 5% CO2 (incubator: 
Heracell Vios 160i, Thermo Scientific, US). The cells were attached to the bottom of the 
flask, as round and plump or elongated in shape. Cells grew until 70% confluence.  
 
3.9.1.2.2 Sub-culturing and splitting 
Sub-culturing and splitting were performed in a sterile culture hood as per manufacturer’s 
guidelines (Abcam, UK). When the cells were approximately 80% confluent, growth 
medium was removed from the flask and discarded appropriately. Then cells were washed 
with fresh growth medium which had no calcium and magnesium (approximately 2 mL 
per 10 cm2 culture surface area). The wash solution was gently added to the side of the 
flask which was opposite to the attached cell layer to avoid disturbing the cell layer. The 
flask was rocked back and forth several times. The wash solution was then removed from 
the flask and discarded appropriately.  
 
3.9.1.2.3 Trypsinization 
The pre-warmed dissociation reagent 1 × trypsin (1 mL, approximately 0.5 mL per 10 
cm2) was added to the side of the flask. Then the flask was gently rocked to cover the cell 
layer with trypsin completely. Flask was incubated at room temperature for approximately 
2 mins. Once the cells were 90% detached, flask was tilted for a minimal length of time 
to allow the cells to drain. Then 2 mL (twice the volume used for the dissociation reagent) 
of pre-warmed complete growth medium was added to the flask. The medium was 
dispersed several times by pipetting over the cell layer surface. 
 
3.9.1.2.4 Counting of cells 
The cells were transferred to a 15 mL conical tube and centrifuged (Sorvall Legend XTR 
Centrifuge, Thermo Scientific, US) at 200 × g for 7 mins. Then the cell pellet was removed 
by a pipette and resuspend in a 4 mL of pre-warmed complete growth medium. Small 
volume (0.5 mL) was removed to determine the total number of cells and percent viability 




Cell suspension was diluted based on the cell count to the density of 1.2 × 105/mL and 
1mL was pipetted into a new culture flask. These flasks were incubated at 37°C and 5% 
CO2 (incubator: Heracell Vios 160i, Thermo Scientific, US) for 2 days. 
 
3.9.1.3 MTS assay 
Cell viability was determined through MTS assay as per manufacturer’s guidelines 
(Promega, US). MTS assay is a colorimetric method in which the tetrazolium compound 
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) is bio-reduced by cells into a coloured formazan product. The quantity 
of formazan product is directly proportional to the number of living cells and measured 
by the absorbance. 
 
Cells were re-planted at a concentration of 1.2 × 104 per well (cell number was calculated 
through cell counter (Vi-CELL XR, Beckman Coulter, US) on collagen coated 96-well 
plate (Life Technologies, US) and then incubated overnight at 37°C and 5% CO2 
(incubator: Heracell Vios 160i, Thermo Scientific, US).  
 
3.9.1.3.1 Nurotoxicity of Aβ42  
The neurotoxicity of Aβ42 was first assessed by treating the cells with 100 µL treatment 
medium (prepared as 5 mL 1% fetal calf serum (FCS) + 45 mL DMEM/F-12 (Dulbecco's 
Modified Eagle Medium/Ham's F-12)) supplemented with different concentrations of 
Aβ42 (20, 30 and 40 µM) per well. Then the 96-well plate was incubated (incubator: 
Heracell Vios 160i, Thermo Scientific, US) at 37°C and 5% CO2 for 48 h and 72 h 
respectively. After incubation, 20 µL MTS solution was pipetted into each well and the 
96-well plate was immediately wrapped with aluminium foil and placed into the incubator 
again for 4 h until purple precipitate was visible. The absorbance of each well at 570 nm 
was recorded by a Multimode Plate Reader (Enspire, US).  
 
3.9.1.3.2 Pre-screen of compounds 
Cells were treated with 100 µL treatment medium per well. To pre-screen drink powder, 
sea buckthorn powder (SBP), goji berry powder (GBP) and a mixture of SBP and GBP 
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(45:30 by weight, SG), wells contained different concentrations of samples and the 
concentration range was 0.3-1.8 μg/mL. Then the 96-well plate was incubated (incubator: 
Heracell Vios 160i, Thermo Scientific, US) at 37°C and 5% CO2 for 48 h. After 
incubation, 20 µL MTS solution was pipetted into each well and the 96-well plate was 
immediately wrapped with aluminium foil and placed into the incubator again for 4 h until 
purple precipitate was visible. The absorbance of each well at 570 nm was recorded by a 
Multimode Plate Reader (Enspire, US).  
 
3.9.1.3.3 Cell viability assay with compounds and amyloid beta  
Cells were treated with 100 µL treatment medium containing a fixed concentration of 
Aβ42 (20 µM) per well and different concentrations of drink powder, SBP, GBP and SG. 
The selected concentrations were 0.6, 0.9, 1.2, 1.5 and 1.8 µg/mL. Then the 96-well plate 
was incubated (incubator: Heracell Vios 160i, Thermo Scientific, US) at 37°C and 5% 
CO2 for 48 h. After incubation, 20 µL MTS solution was pipetted into each well and the 
96-well plate was immediately wrapped with aluminium foil and placed into the incubator 
again until purple precipitate was visible. The absorbance of each well at 570 nm was 
recorded by a Multimode Plate Reader (Enspire, US).  
 
3.9.1.3.4 Quantification of cell viability 




 × 1.2 × 104 — Equation 16 
 
Where: 
N = number of cells  
At = absorbance of sample solution (sample solution + treatment media + cells + Aβ) 
Ab = absorbance of the blank (treatment media only) 
Ac = absorbance of the control (cells + treatment media) which was considered 100% 
viability 
1.2 × 104-- number of cells in control 
 
3.9.2 Western blot Analysis 
Western blot analysis was performed according to the protocols developed by the 




3.9.2.1 Preparation of cell lysate and cell medium  
Cells were transferred into the wells of 12-well plate at a density of 1.2 × 105 per well 
with 800 µL treatment medium and (prepared as 5 mL 1% FCS + 45 mL DMEM/ F12 
(1:1)), 200 µL Aβ (100 mM). Then different concentrations of samples (drink powder, 
SBP, GBP and SG) were added. The selected concentrations of the samples were 09, 1.2 
and 1.5 µg/mL (based on MTS assay results).  
 
Then 12-well plate was placed on ice after the incubation of 24 hours at 37°C with 5% 
CO2 (incubator: Heracell Vios 160i, Thermo Scientific, US). The treatment medium in 
each well was carefully collected in a pre-cooled microcentrifuge tube by pipetting while 
cells of each well were immediately washed using 800 μL ice-cold 1 X Hanks’ Balanced 
Salt Solution (HBSS). Then the HBSS was removed from each well and 33 µL ice-cold 
lysis buffer (formulation: 10% 10 X phosphate buffered saline (PBS), 10% sodium 
dodecyl sulfate (SDS):Trix, 4% protease inhibitor and 76% purified water) was 
immediately added and followed by mixing vigorously using a cell scraper. The cell lysate 
was completely removed from the bottom of each well through a cold plastic cell scraper. 
Then the cell lysate from each well was transferred into a pre-cooled microcentrifuge tube 
by micropipette. Both cell lysate and cell medium were sonicated with ice for 10 mins 
(ultrasonic cleaner: 250HD, SONICLEAN, Japan), then placed on ice for future analysis. 
 
3.9.2.2 Bicinchoninic acid (BCA) assay 
The protein concentration of cell lysate and cell medium was determined by Pierce Micro 
Assay Kit. Firstly, protein assay standards were taken from the refrigerator and pulled 
down carefully on a plastic lid until it turned to room temperature. Then 100 μL blank (1 
X PBS), 100 μL protein assay standard (prepared using albumin standard diluted in 1 × 
PBS at known concentrations as per Table 13), and 100 μL diluted cell supernatants (cell 
supernatants were diluted in 1 X PBS at a ratio of 1: 100, v/v) were loaded respectively 
onto each well in a new 96-well plate.  
 
BCA mix was made (formulation was 5 mL reagent A, 4.8 mL reagent B and 0.2 mL 
reagent C, Thermo Scientific BCA Protein Assay Kit, US) and vortexed (vortexer: PV-1, 
BIOLAB, US) for 15 seconds. Then 100 μL BCA mix was added to each well and wrapped 
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the plate tightly with an elastic band and again covered with a cling wrap. The plate was 
placed in an incubator (UL30, MEMMERT, Germany) at 69°C for 20 mins. Then the 
BCA mix absorbance was read at 550 nm using Multimode Plate Reader (Enspire, US). 
The BCA standard curve was drawn based on standards’ absorbance with known 
concentrations. Protein concentration of each cell lysate and cell medium was calculated 
according to standard curve considering the dilution factor.  
 
Table 13: BAC standards preparation 
Standard concentration 
(μg/ mL) 
Volume of 80 μg/ mL 
standard 
(mL) 
Volume of 1 X PBS (mL) 
80 6 0 
40 3.000 3.000 
20 1.500 4.500 
18 1.350 4.650 
16 1.200 4.800 
14 1.050 4.950 
12 0.900 5.100 
10 0.750 5.250 
8 0.600 5.400 
6 0.450 5.555 
 
3.9.2.3 Loading and running the gel 
Based on the protein concentration, the volume of cell lysate or cell medium which was 




 × 1000 — Equation 17 
Where:  
V = volume of cell supernatants (μL) 
C = protein concentration (μL/ mL) 
 
The exact volume of cell lysate or cell medium, 18.80 μL 4 X Sample Buffer, 7.50 μL 10 
X Reducing Agent were loaded into a new tube and topped up to 75 μL with purified water 
by pipetting. Then the tube was vortexed for 30 seconds (vortexer: N12504, VELP, Italy), 
sonicated for 10 mins (ultrasonic cleaner: 250HD, SONICLEAN, Japan), and incubated 
at 95°C for 5 mins in a dry block heater (DBH30D, Ratek, Australia).  
 
Once the gel tank and power pack were set up, the tape from the base of the gel (Bio-Rad 
TGX stain free 4-15% gel) was removed. The running buffer (1 X 2- (N-morpholino) 
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ethanesulfonic acid (MES) SDS Running Buffer) was poured into the gap which was 
between the cassette and gel (ensured no running buffer was leaking from the tank). Until 
the wells were immerged, the comb of the gel was removed carefully. 
 
Then 7 L molecular-weight marker and 25 L protein sample solution were immediately 
loaded into the cassette well. The gel-running was started at 110 V until the dye front 
reached the foot of the gel. Then the gel was gently removed from the cassette, placed it 
carefully onto a tray containing running buffer. Then the gel was placed on the 
nitrocellulose membrane (Transfer Kit 1704270, Bio-Rad, US) and the membrane was 
immediately placed to the Transfer System (Trans-Blot Turbo System, Bio-Rad, US) for 
7-min run. Thus, protein in the sample on the gel was transferred to the membrane. Then 
the gel was carefully removed and the membrane was placed onto a tray with 1 X tris-
buffered saline (TBS). The membrane was cut appropriately at the corner for right 
orientation on a glass slab.  
 
3.9.2.4 Antibody staining 
The membranes were washed 3 × 5 min using 25 mL 1 X TBS (pH adjusted to 7.4) in a 
lid (approximately 15 cm x 15 cm) on the rocking platform, followed by being boiled for 
40 seconds in pre-microwaved 25 mL 1 X PBS (microwave oven: MS40J5133BT, 
Samsung, Korea). The membranes were rinsed twice by 1 X PBS until it cooled down. 
The membranes were blocked in 25 mL 1 x TBS with 5% skim milk for 1 hour and then 
incubated by 25 mL 1 X TBST (1 X TBS added with 0.1% Tween 20) with 0.5% skim 
milk plus 10 μL primary antibody WO2 (1:2500 dilution) on a rocking platform overnight 
in a 4°C cold room. Then the membranes were washed by 25 mL 1 X TBST for 3 x 10 
mins and incubated with 5 μL secondary antibody anti mouse-HRP in TBST with 0.5% 
skim (1:5000 dilution) milk for 1 hour at room temperature. The membranes were further 
washed in 1 X TBST for 3 × 10 mins followed by being rinsed in 1 X TBS for 2-3 mins. 
Then the membranes were incubated for 2 mins with ECL reagent (a mixture of detection 
reagent 1 and 2 at 1:1 from the ECL Western Blotting Detection Reagents Kid, GE 
Healthcare UK, 50 mL ECL reagent for 4 membranes) and shake vigorously. Then 
exposed membranes were scanned using chemiluminescence imaging system (Fusion FX 
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Spectra, Vilber Lourmat). The immune-reactive bands were quantified through Bio-Rad 
Quantity One 1-D analysis software. The flow diagram of Western blotting is shown in 











Figure 5: Flow diagram of Western blotting 
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ELISA was performed according to guidelines developed by the manufacturer (Thermo 
Scientific, US). 
 
3.9.3.1 Dilute standards  
Human Aβ42 Standard was reconstituted to 1 μg/mL with Standard Reconstitution Buffer 
(55 mM sodium bicarbonate, pH was adjusted to 9.0), and then mixed gently for 10 mins 
waiting time for complete reconstitution (the standard was used within 1 h of 
reconstitution). 
 
Then 100 μL reconstituted standard was added to one tube containing 900 μL Standard 
Diluent Buffer and mixed (labelled as 100,000 pg/mL human Aβ42). The 100 μL of 
100,000 pg/mL standard was added to one tube containing 900 μL Standard Diluent 
Buffer (labelled as 10,000 pg/mL human Aβ42). The 200 μL of 10,000 pg/mL standard 
was added to one tube containing 1,800 μL Standard Diluent Buffer (labelled as 1,000 
pg/mL human Aβ42). The 300 μL Standard Diluent Buffer was added to each of 7 tubes 
labelled as follows: 500, 250, 125, 62.5, 31.25, 15.63, and 0 pg/mL human Aβ42 
respectively. Then 7 standards were prepared as per Table 14. Solution of 1 X Anti-Rabbit 
IgG HRP was also prepared by pipetting 10 μL anti-Rabbit IgG HRP (X 100) solution into 
a tube with 1 mL HRP diluent and mixed completely for each 8-well strip. The 1 X Anti-
Rabbit IgG HRP solution must be used within 15 mins of preparation. 
 




Buffer volume (μL) 
Other solution added Total volume 
(μL) 
1,000 pg/mL Standard 1 1800 200 μL of 10,000 pg/mL 2,000 
500 pg/mL  Standard 2 300 300 μL of 1,000 pg/mL 600 
250 pg/mL Standard 3 300 300 μL of 500 pg/mL 600 
125 pg/mL  Standard 4 300 300 μL of 250 pg/mL 600 
62.5 pg/mL Standard 5 300 300 μL of 125 pg/mL 600 
31.25 pg/mL  Standard 6 300 300 μL of 62.5 pg/mL 600 
15.63 pg/mL  Standard 7 300 300 μL of 32.25 pg/mL 600 





3.9.3.2 Perform ELISA 
Standards, controls or samples (50 μL) were added to the wells of 96-well plate 
respectively. At the same time, the wells for chromogen blanks was left empty. Hu Aβ42 
Detection Antibody Solution (50 μL) was added to each well except the chromogen 
blanks. The side of the plate was tapped to mix, and the plate was covered with a plate 
cover and incubated for 3 hours at room temperature by shaking on microplate vortexer 
(MPS1, Ratek, Australia). The solution was thoroughly aspirated, and wells were washed 
4 times with 1 X Wash Buffer. Then 100 μL Anti-Rabbit IgG HRP was added into each 
well except the chromogen blanks. The plate was covered with a plate cover and incubated 
for 30 min at room temperature and the solution was thoroughly aspirated by 
micropipettes and wells were washed 4 times with 1 X Wash Buffer. 
 
Stabilised Chromogen (100 μL) was added to each well until the substrate solution turned 
blue. The plate was immediately incubated for 30 mins at room temperature in the dark. 
Then 100 μL Stop Solution was added to each well and the side of the plate was tapped to 
mix, then the solution colour changed from blue to yellow in the wells. The absorbance at 
450 nm within 30 mins was read via a microplate reader (BMG FLUOstar Optima, 
Germany) after adding the Stop Solution. The curve-fitting software (BMG OPTIMA 
Windows) was used to generate the standard curve and the concentrations for unknown 
samples and controls from the standard curve were read. The Aβ42 concentration in each 
sample was calculated taking into account of the dilution factor. The flow diagram of 

















Figure 6: Flow diagram of ELISA 
 
3.9.4 Atomic Force Microscopy 
AFM was performed according to the method modified by Stine et al. (2011). A 10 mL 
syringe containing a 0.02 µm filter was filled with ultrapure water. The initial 1-2 mL 
syringe filter output was discarded. The 0.02 µm filter water was used for all subsequent 
steps. Samples were prepared for spotting on mica by diluting in water to final 
concentrations. The top one to four layers of mica were immediately cleaved away before 
sample delivery by using adhesive tape to achieve a clean, flat, featureless surface.  
 
For mica pre-treatment, 3 µL of 1 M HCl was added for a full coverage of the mica surface 
and then incubated for 30 seconds at room temperature. The mica surface was rinsed with 
two drops of water from syringe filter at 45° angle to roll over the mica. Then sample was 
immediately delivered via a syringe onto the mica and incubated for 3 mins at room 
temperature. The mica surface was rinsed with three drops of water from syringe filter 
and blew dry with several gentle pulses of compressed air. The sample solution on 
benchtop was incubated at room temperature until it dried (covered to protect from dust) 
for analysis via AFM tip engagement. The AFM was set up according to the following 
Standards preparation  Sample dilution  
Sample (antigen) incubation 
Add IgG HRP 
 
Add stabilised chromogen 
 




conditions: scan rates between 1 and 2 Hz; amplitude between 20 and 100 mV (depending 
on cantilever); amplitude set point between 1.4 and 1.5 V. Processed data with removal of 
ertical offset between scan lines by applying zero order flattening polynomials using 











Figure 7: Flow diagram of AFM 
 
3.10 Statistical analysis 
All analyses were carried out in triplicate. Statistical tests were conducted using the 
STATA statistical analysis software program version 12 (Stata Corp LLC, US). One-way 
analysis of variance (ANOVA) was used to determine the effects of drying methods and 
locations on SBP, effects of ingredients (SBP, GBP, lupin flour and carob powder) on 
drink powder formulations, effects of drink powder and its major ingredients on amyloid 
beta. The p value of less than 0.05 (p < 0.05) was considered for significant difference. 
  
Mica pre-treatment 
Sample delivery to mica 
Rinse and blow dry by compressed air 
Incubation at room temperature 





Chapter 4 Results and Discussions 
 
4.1 Sea buckthorn powder  
4.1.1 Moisture content  
4.1.1.1 Effect of location and drying method on moisture content  
The moisture contents of SBP from 4 different locations and 3 different drying methods 
are shown in Table 15. The moisture contents under freeze drying were significantly 
higher than those under spray drying and convective drying in the same location except 
the samples from Habahe. The moisture contents of SBP under both convective drying 
and freeze drying were significantly higher than those were under spray drying from 
Habahe. It was also noted no significant difference was identified in moisture content for 
SBP that was under spraying drying and convective drying from Jianping and Datong.  
 
Table 15: Moisture contents of SBP from different locations and drying methods 
Location Altitude  
(m) 
Drying methods Moisture content 
(%) 
Jianping 1000 Convective drying 5.99±1.45bc 
Jianping 1000 Freeze drying 11.34±0.81e 
Jianping 1000 Spray drying 6.13±0.55abc 
Lueliang 1500 Convective drying 5.32±0.96bc 
Lueliang 1500 Freeze drying 11.56±0.57e 
Lueliang 1500 Spray drying 7.77±0.50d 
Habahe 2000 Convective drying 6.35±2.29ac 
Habahe 2000 Freeze drying 7.28±0.28ad 
Habahe 2000 Spray drying 4.93±0.44b 
Datong 2500 Convective drying 7.27±3.05ad 
Datong 2500 Freeze drying 11.98±0.68e 
Datong 2500 Spray drying 7.31±0.98ad 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.1.2 Effect of locations on moisture content  
The moisture contents of SBP from 4 locations are shown in Table 16. The moisture 
contents of SBP made from Jianping, Lueliang and Datong were 7.82, 8.22 and 8.85% 
respectively which were significantly different to Habahe one which was only 6.19%. This 
could be mainly due to Habahe is situated in the south of Altai Mountain which is dry and 
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has an average annual precipitation of 199.93 mm (Zhang, Yang & Lan 2018). However, 
for better growing, the minimum of 400 mm rainfall per year is required for sea buckthorn 
without irrigation (Janick 1999). Thus, sea buckhorn grew in Habahe was under a very 
dry condition which might adversely impact its growth. 
 
Table 16: Moisture contents of SBP with different locations 
Location Altitude (m) Moisture content (%) 
Jianping 1000 7.82±2.71b 
Lueliang 1500 8.22±2.70b 
Habahe 2000 6.19±1.63a 
Datong 2500 8.85±2.90b 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.1.3 Effect of drying methods on moisture content 
The moisture contents of SBP from 3 different drying methods are shown in Table 17. 
The freeze dried SBP had significantly higher moisture content (10.54%) compared to 
spray dried (6.54%) and convective dried samples (6.23%). The moisture contents of 
spray dried and convective dried SBP samples were not significantly different. Lower 
moisture contents in convective dried and spray dried samples were mainly because heat 
treatment could increase the drying rate due to membrane breakdown, cell walls 
cohesiveness reduction and intercellular space enlargement (Ong & Law 2011). In another 
research comparing freeze drying (-30 ºC for 72 h), accelerated solar drying (1000 W/m2 
for 30 h) and air drying (50 ºC for 48 h at 1.0 m/s air velocity), freeze dried sea buckthorn 
pulp and leaves had the highest moisture contents, their values were 4.7% and 3.5% 
respectively (Konstantina et al. 2013). For spay drying, SBP moisture content was higher 
than some commonly consumed fruit. For example, watermelon powder and pineapple 
power under spray drying had moisture contents valued at 3.99% and 5.47% respectively 
(Saikia, Mahnot & Mahanta 2015). Maltodextrin is commonly added as a carrier in spray 
drying which may impact on the final moisture content. For example, more maltodextrin 
incorporated into the grape syrup before spray drying resulted in a higher moisture content 





Table 17: Moisture contents of SBP with different drying methods 
Drying methods Moisture content (%) 
Convective drying 6.23±2.13a 
Freeze drying 10.54±2.01b 
Spray drying 6.54±1.28a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.1.4 Effect of convective drying conditions on moisture content 
In convective drying, when the temperature was increased, SBP moisture contents 
significantly reduced in all location groups (Figure 8). One study compared the effect of 
different parameters on quinces through air drying, such as velocity, relative humidity and 
sample size, also concluded that temperature was the key factor for drying rate of the 




Figure 8: Moisture contents of SBP under different convective drying conditions 













































































































4.1.1.5 Effect of freeze drying conditions on moisture content 
Drying conditions had significant effect on moisture content when convective drying and 
spray drying were performed. In contrast, freeze drying condition did not always have 
significant effect on final moisture content (Figure 9).  
 
 
Figure 9: Moisture contents of SBP under different freeze drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
For example, in Lueliang group, there was no significant difference between 30 h freeze 
dried (12.20%) and 36 h freeze dried SBP (11.46%) while they were significantly different 
to 24 h freeze dried one (11.02%). Another example was from Habahe group, it was noted 



















































































































they were significantly higher than that of 36 h freeze dried SBP (6.95%). This might 
because freeze drying is a relatively slow process compared to other drying treatments. In 
freeze drying, the sample is frozen first and sublimate, then frozen water remaining in the 
sample is removed which takes time for the entire process (Abdelwahed et al. 2006). At 
the same time, in Jianping and Datong group, when the freeze drying time increased, SBP 
moisture content significantly reduced. One investigation focusing on drying time and 
temperature effect on pea seeds disclosed that moisture content reduced when the drying 
time increased regardless of the set temperature (Siddique & Wright 2003).  
 
4.1.1.6 Effect of spray drying conditions on moisture content 
The inlet air temperature of spray drying played a significant role on SBP moisture content 
(Figure 10). In all location groups, when the inlet air temperature was increased, moisture 
content of SBP decreased significantly. The similar finding was reported in a study on soy 
sauce powder made through spray drying. When the inlet air temperature was increased 
from 140 ºC to 160 ºC, moisture content significantly reduced (Wang, Dufour & Zhou 
2015). In another investigation on the interest of spray dried grape juice powder made 
from grape syrup, it was found that as the inlet air temperature was increased, grape juice 
powder’s moisture content decreased accordingly (Sarabandi, Peighambardoust & 





Figure 10: Moisture contents of SBP under different spray drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.2 Total flavonoid content  
4.1.2.1 Effect of location and drying method on total flavonoid content 
TFCs of SBP from 4 different locations and 3 different drying methods are shown in Table 
18. SBP from Datong prepared by freeze drying had the highest TFC (781 mg/100g). 
Freeze dried SBP had significantly higher TFC compared to spray and convective dried 
samples in the same location group of Jianping and Datong. However, TFCs of SBP using 
spray drying and freeze drying were not significantly different in Lueliang and Habahe 
groups. At the same time, SBP from Habahe had the lowest TFC (279 mg/100g). One 
study indicated that TFC in sea buckthorn marc, seeds and peels were 688, 275 and 820 
mg/100g respectively; however, TFC varied up to 10 times due to different processing 











































































































study indicated that TFC in sea buckthorn clear juice (free from oil) was approximately 
38 mg/100g while TFC was 58 mg/100g in its pulp (Arimboor et al. 2006). 
 
Table 18: Total flavonoid contents of SBP from different locations and drying methods 
Location Altitude  
(m) 
Drying methods TFC  
(mg/100g, dry weight) 
Jianping 1000 Convective drying 626±118bd 
Jianping 1000 Freeze drying 754±32ef 
Jianping 1000 Spray drying 562±29ab 
Lueliang 1500 Convective drying 515±120ac 
Lueliang 1500 Freeze drying 590±70ab 
Lueliang 1500 Spray drying 572±23ab 
Habahe 2000 Convective drying 279±15g 
Habahe 2000 Freeze drying 438±56c 
Habahe 2000 Spray drying 451±112c 
Datong 2500 Convective drying 544±185a 
Datong 2500 Freeze drying 781±35f 
Datong 2500 Spray drying 687±24ed 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.2.2 Effect of locations on total flavonoid content 
TFCs of SBP from 4 different locations are shown in Table 19. SBP from Jianping and 
Datong had similar TFCs (647 and 670 mg/100g, respectively) and they were significantly 
higher than those from Lueliang and Habahe (559 and 390 mg/100g respectively). 
However, TFCs of SBP from Lueliang and Habahe were not significantly different. An 
investigation confirmed that growing location was the key factor impacting on TFC for 
the same variety and same harvest year of sea buckthorn where proper temperature, less 
drought stress, and long photoperiods could stimulate accumulation of secondary 
metabolites. In their research, TFC of sea buckthorn berries collected from different 
locations of China and Canada ranged from 160 to 490 mg/100g (Barl et al. 2003). Similar 
findings were noted for blueberry, where locations were found to affect flavonoid content. 
For example, resveratrol is one of the flavonoids in blueberry and its content was 





Table 19: Total flavonoid contents of SBP with different locations 
Location Altitude (m) 
 
TFC  
(mg/100g, dry weight) 
Jianping 1000 647±107.48b 
Lueliang 1500 559±84.60a 
Habahe 2000 390±106.02c 
Datong 2500 670±144.84b 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.2.3 Effect of drying methods on total flavonoid content 
Convective drying, spray drying and freeze drying had significant impacts on TFC (Table 
20). TFC of SBP using freeze drying (641 mg/100g) had the highest TFC while convective 
dried one had the lowest content (491 mg/100g). Freeze drying could avoid or minimise 
the degradation of biological products during the process compared to other common 
drying methods (Konstantina et al. 2013). Similar research outcome was also observed on 
other studies. For example, in a research comparing the effects of different thermal and 
non-thermal drying methods on phalsa fruit indicated that freeze dried sample had the 
highest TFC (Bala & Barmanray 2016). This research further demonstrated freeze drying 
resulted in less total flavonoids loss compared to other thermal drying methods. 
 




(mg/100g, dry weight)  
Convective drying 491±177b 
Freeze drying 641±148c 
Spray drying 568±102a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.2.4 Effect of convective drying conditions on total flavonoid content 
TFCs of SBP under different convective drying conditions are shown in Figure 11. TFC 
of SBP decreased significantly with the increase in drying temperature in Lueliang and 
Datong groups. However, it was surprising to note that the drying temperature had no 
significant effect on TFC in Habahe group, which had the lowest TFC levels. At the same 
time, TFC of SBP under 90 ºC convective drying was not significantly different to that of 





Figure 11: Total flavonoid contents (dry weight) of SBP under different convective 
drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.2.5 Effect of freeze drying conditions on total flavonoid content 
TFCs of SBP under different freeze drying conditions are shown in Figure 12 (freeze 
drying temperature was constantly at -60 ºC). In Jianping group, TFC of 30 h freeze dried 
SBP was significantly different to that of 24 h but was not significantly different to that 
of 36 h. In Lueliang group, TFC decreased significantly with increase of drying duration 
and their values were 659, 608 and 503 mg/100g at 24, 30 and 36 h respectively. At the 
same time, in Habahe and Datong group, 24 h and 30 h freeze dried SBP had similar TFCs 



















































































Figure 12: Total flavonoid contents (dry weight) of SBP under different freeze drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.2.6 Effect of spray drying conditions on total flavonoid content 
Spray drying conditions had significant effect on SBP’s TFC (Figure 13). When the inlet 
air temperature was reached 200 ºC, TFCs were significantly lower than those of 180 ºC 
in all location groups. However, TFC of SBP under 200 ºC was not significantly different 
to that of 190 ºC except Lueliang group. In Jianping group, TFC of SBP under 190 ºC was 
not significantly different to that was neither under 180 ºC nor 200 ºC. Research indicated 
that flavonoids were heat liable particularly when the temperature was reached above 
100°C; degradation was noted significantly due to powder molecular structural alteration 
which might also impact on reactivity and extractability (Bansal, Sharma & Nanda 2014; 




















































































Figure 13: Total flavonoid contents (dry weight) of SBP under different spray drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.3 Vitamin C content 
4.1.3.1 Effect of location and drying method on vitamin C content 
The vitamin C contents of SBP from different locations and drying methods are shown in 
Table 21. In each location group, freeze dried SBP had the highest vitamin C content; their 
vitamin C contents were 122, 126, 72 and 131 mg/100g respectively from Jianping, 
Lueliang, Habahe and Datong. At the same time, convective dried SBP had the lowest 
vitamin C content in each location group except Habahe. In Habahe group, convective 
dried and spray dried SBP had no significant difference on vitamin C content. SBP vitamin 













































































air dried and freeze dried sea buckthorn fruit’s vitamin C contents were 110 mg/100g and 
150 mg/100g respectively (Araya-Farias, Makhlouf & Ratti 2011). Vitamin C has become 
a key index in food nutrient quality due to its labile nature compared to other common 
nutritional compounds. It has been found that if vitamin C in food could be retained 
properly, other nutrients would also be generally kept (Moraga, Martinez-Navarrete & 
Chiralt 2006). Research has indicated that vitamin C loss is highly associated with 
temperature and water activity during the process (Uddin et al. 2001). This could be the 
key cause where freeze dried SBP had the highest vitamin C content in each location 
group.  
 
Table 21: Vitamin C contents of SBP from different locations and drying methods  
Location Altitude  
(m) 
Drying methods Vitamin C content  
(mg/100g, dry weight) 
Jianping 1000 Convective drying 71±10a 
Jianping 1000 Freeze drying 122±23bc 
Jianping 1000 Spray drying 95±5e 
Lueliang 1500 Convective drying 69±20a 
Lueliang 1500 Freeze drying 126±8bc 
Lueliang 1500 Spray drying 115±13bf 
Habahe 2000 Convective drying 50±7d 
Habahe 2000 Freeze drying 72±10a 
Habahe 2000 Spray drying 53±10d 
Datong 2500 Convective drying 82±7a 
Datong 2500 Freeze drying 131±24c 
Datong 2500 Spray drying 108±14ef 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.3.2 Effect of locations on vitamin C content 
Vitamin C contents of SBP from different locations are shown in Table 22. SBP from 
Habahe had the lowest Vitamin C content of 58 mg/100g. At the same time, no significant 
difference in vitamin C contents was identified among Jianping, Lueliang and Datong 
groups. The significantly low vitamin C content of SBP from Habahe might be due to 
drought which impacted sea buckthorn normal growth. Another research also indicated 
that location was a key factor on sea buckthorn juice’s vitamin C content. In their research, 
sea buckthorn samples were collected from a few locations in Canada and Finland, the 





Table 22: Vitamin C contents of SBP with different locations 
Location Altitude (m) Vitamin C content 
(mg/100g, dry weight) 
Jianping 1000 96±26a 
Lueliang 1500 103±29a 
Habahe 2000 58±13b 
Datong 2500 107±26a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.3.3 Effect of drying methods on vitamin C content 
Drying method had a significant impact on vitamin C content (Table 23). Freeze dried 
SBP had the highest vitamin C content while convective dried SBP had the lowest vitamin 
C content. SBP’s Vitamin C contents were 68, 112 and 93 mg/100g respectively under 
convective drying, freeze drying and spray drying. Vitamin C is sensitive to heat, and it is 
oxidised with oxygen at high temperature. Similar outcome was reported from a 
comparison of freeze drying and air drying where freeze dried sea buckthorn powder could 
retain 34% more vitamin C than air drying (Araya-Farias, Makhlouf & Ratti 2011). This 
research also demonstrated freeze drying resulted in less vitamin C loss compared to heat 
treatment dehydration, such as spray drying and convective drying. 
 
Table 23: Vitamin C contents of SBP with different drying methods 
Drying methods Vitamin C content  
(mg/100g, dry weight) 
Convective drying 68±16a 
Freeze drying 112±30b 
Spray drying 93±27c 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.3.4 Effect of convective drying conditions on vitamin C content 
Vitamin C contents of SBP under different convective drying conditions are shown in 
Figure 14. Vitamin C contents decreased significantly with the increase in drying 
temperature in all location groups with the exception of Datong. In Datong group, no 
significant difference of vitamin C contents was identified between 90 ºC and 100 ºC 
convective dried SBP. Similar finding was observed in another research where vitamin C 
retention rate (based on fresh sea buckthorn berry vitamin C content) significantly reduced 
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when the temperature was increased from 50 ºC to 60 ºC under hot air drying, and their 




Figure 14: Vitamin C contents (dry weight) of SBP under different convective drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.3.5 Effect of freeze drying conditions on vitamin C content 
Freeze drying conditions had significant effects on vitamin C content of SBP (Figure 15, 
freeze drying temperature was constantly at -60 ºC). In all location groups, vitamin C 
contents reduced significantly when drying duration was increased. This is mainly because 
vitamin C is one of the most labile nutritional compound which could be destroyed under 
air exposure, light presence and osmotic pressure (Zerdin, Rooney & Vermue 2003). Thus, 
the long duration of freeze drying could result in further loss of vitamin C. A similar 



















































































significantly different vitamin C contents under different freeze drying conditions (Reyesa 




Figure 15: Vitamin C contents (dry weight) of SBP under different freeze drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.3.6 Effect of spray drying conditions on vitamin C content 
Vitamin C contents of SBP under different spray drying conditions are shown in Figure 
16. Vitamin C content decreased significantly when inlet air temperature was increased in 
each location group. This research outcome further demonstrated the conclusion from 
another investigation on sea buckthorn juice powder through spray drying where vitamin 































































































(Selvamuthukumaran & Khanum 2012). Araya-Farias, Makhlouf and Ratti (2011) further 
pointed out that vitamin C loss of sea buckthorn berry was higher at the beginning and as 
the drying duration was increased, the degradation rate reduced. Similar research outcome 
was also observed on spray dried pomegranate juice powder, as the inlet air temperature 
was increased, the vitamin C content reduced significantly (Muzaffar, Dinkarrao & Kumar 
2016). In spray drying, feed moisture content and feed flow rate are two basic parameters 
which can influence temperature effect.  
 
 
Figure 16: Vitamin C contents (dry weight) of SBP under different spray drying conditions  
































































































4.1.4 Sugar content 
4.1.4.1 Effect of location and drying method on sugar content 
In each location group, convective dried SBP had the lowest sugar content compared to 
that of freeze dried and spray dried (Table 24). At the same time, no significant difference 
was observed on sugar content between freeze dried and spray dried SBP in each location 
group. The sugar contents of SBP were much higher than that reported from another study 
where only 14.2% sugar content was reported from spray dried sea buckthorn fruit powder 
(Selvamuthukumaran & Khanum 2012). The difference was mainly due to the addition of 
maltodextrin in these trials, whereby 13.5% maltodextrin was added into the sea buckthorn 
juice prior to drying to obtain a free flowing powder. The fresh sea buckthorn originally 
contained 2.7-5.3 g/100mL sugar, thus the majority sugar in this dried SBP was from 
maltodextrin. 
 
Table 24: Sugar content of SBP from different locations and drying methods 
Location Drying methods Sugar content (g/100g, 
dry weight) 
 
Jianping Convective drying 28.4±2.3c 
Jianping Freeze drying 33.5±0.1a 
Jianping Spray drying 33.0±0.5a 
Lueliang Convective drying 30.8±1.2d 
Lueliang Freeze drying 33.5±0.1a 
Lueliang Spray drying 33.0±0.5a 
Habahe Convective drying 23.3±1.8e 
Habahe Freeze drying 27.3±0.2b 
Habahe Spray drying 26.9±0.3b 
Datong Convective drying 29.5±1.8f 
Datong Freeze drying 33.7±0.2a 
Datong Spray drying 32.9±0.5a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.4.2 Effect of locations on sugar content  
The sugar contents of SBP from different locations are shown in Table 25. The SBP from 
Habahe had the lowest sugar content (26.0 g/100g). Jianping, Lueliang and Datong 
showed similar sugar contents. One study also indicated that location had a significant 
impact on sugar content of sea buckthorn berries and its range was 0.35-15.97 g/100mL 




Table 25: Sugar contents of SBP with different locations 
Location Altitude (m) Sugar content  
(g/100g, dry weight) 
Jianping 1000 31.6±2.7a 
Lueliang 1500 32.5±1.4a 
Habahe 2000 25.8±2.1b 
Datong 2500 32.0±2.1a 
Mean ± S.D. with different superscripts are significantly different (P < 0.05). 
 
4.1.4.3 Effect of drying methods on sugar content  
Drying methods had significant effects on sugar content (Table 26). Sugar contents of 
SBP under convective drying, freeze drying and spray drying were 28.0, 32.0 and 31.5 
g/100g respectively and they were significantly different. Sugar contents of freeze dried 
and spray dried SBP were significantly higher than those of convective dried samples. An 
investigation on durian juice with maltodextrin comparing different drying methods 
demonstrated that freeze dried durian juice powder had a significantly higher sugar 
content than spray dried (Man, Irwandi & Abdullah 1999). Another study focusing on 
orange powder using oven drying and freeze drying also indicated freeze dried powder 
had a significantly higher sugar content (Ammar et al. 1985). Convective dried SBP had 
the lowest sugar content which might be due to its Maillard reaction. One study carried 
out in China comparing different drying methods impact on goji berry also indicated that 
freeze dried powder had the highest contents of sugar and reducing sugar while hot air 
dried one had both the lowest sugar and reducing sugar contents (Liu et al. 2016). This 
research also demonstrated freeze drying had a minimal impact on loss of sugars on sea 
buckthorn juice. Spray dried SBP had a similar sugar content to freeze dried SBP since 
spray drying is a fast-drying process which limited sugar degradation. The similar finding 
also disclosed in goji berry drying research where spray dried goji berry had slightly lower 
sugar content compared to that was freeze dried (Liu et al. 2016).  
 
Table 26: Sugar contents of SBP with different drying methods 
Drying methods Sugar content 
 (g/100g, dry weight) 
Convective drying 28.0±3.4b 
Freeze drying 32.0±2.8a 
Spray drying 31.5±2.7a 




4.1.4.3 Effect of convective drying conditions on sugar content 
The sugar contents of SBP under different convective drying conditions are shown in 
Figure 17. Temperature had a significant effect on sugar contents. In all location groups, 




Figure 17: Sugar content (dry weight) of SBP under different convective drying conditions  
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
The reduction of sugar content was mainly due to Maillard reaction during heat treatment 
which could degrade sugar as sea buckthorn juice contains amino acids and reducing 
sugars (mainly glucose and fructose) which are the essential reactants. Maillard reaction 
not only provides distinctive flavour and brown colour but also affects its nutritional value. 

























































































(van Boekel 2006). For example, high temperature resulted in a rapid Maillard reaction 
(Martins, Jongen & van Boekel 2001). It was also noted that SBP colour became obviously 
darker as temperature increased although colour was not measured in this research. 
Similar finding was also mentioned in a study of spray dried watermelon powder where 
darkness was identified at high inlet air temperature which was explained due to sugar 
browning (Krishnaiah, Nithyanandam & Sarbatly 2014). At the same time, adding 
maltodextrin into feed before spray drying could minimise browning to some extent as 
maltodextrin has a low reducing power (Featherstone 2015).  
 
4.1.4.4 Effect of freeze drying conditions on sugar content 
The sugar contents of SBP under different freeze drying conditions are shown in Figure 
18 (freeze drying temperature was constantly at -60 ºC). No significant difference in sugar 
content was identified when freeze drying duration was increased in each location group. 
It was probably because sugars were stable under low temperature and Maillard reaction 
was restricted. Some research indicated that adding sugar into juice before freeze drying 
may also extend the shelf life (Ammu et al. 1977). Thus, adding maltodextrin into sea 








Figure 18: Sugar content (dry weight) of SBP under different freeze drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.4.5 Effect of spray drying conditions on sugar content 
The sugar contents of SBP under different spray drying conditions are shown in Figure 
19. When inlet air temperature of spray dryer was increased, sugar contents reduced 
significantly in all location groups except Habahe. In Habahe group, sugar content of SBP 
under 180 ºC dried was significantly higher than that of 190 and 200 ºC dried. At the same 
time, no significant difference was identified on sugar contents between 190 ºC and 200 
ºC spray dried SBP. The general reduction of sugar content with increase in inlet air 
temperature was mainly because reducing sugar was oxidized during spray drying. 






















































































such as pineapple juice power (22.8%), grape juice powder (27.5%), SBP from this 




Figure 19: Sugar content (dry weight) of SBP under different spray drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.5 Fat content  
4.1.5.1 Effect of location and drying method on fat content 
The fat contents of SBP from different locations and drying methods are shown in Table 
27. The freeze dried SBP had the highest fat content in each location group and their 
values were 5.9, 6.0, 5.4 and 5.9 g/100g respectively for Jianping, Lueliang, Habahe and 
Datong group. At the same time, no significant difference was identified between 
convective dried and spray dried SBP on fat content within the same location group. The 





















































































One of the studies using two subspecies of H.rhamnoides indicated that the total lipid 
contents in seed, berry and its seedless part were 11.3% vs 7.3%, 3.5% vs 2.1% and 2.8% 
vs 1.7% for subsp.rhamnoides and subsp.sinensis respectively (Yang & Kallio 2001). 
Another research carried out in India reported a close outcome of fat content on sea 
buckthorn pulp which was ranging from 4.4-4.6 g/100g (Arimboor et al. 2006). 
 
Table 27: Fat contents of SBP from different locations and drying methods 
Location Drying methods Fat content  
(g/100g, dry weight) 
Jianping Convective drying 5.3±0.3ab 
Jianping Freeze drying 5.9±0.1c 
Jianping Spray drying 5.1±0.1ae 
Lueliang Convective drying 5.3±0.4ab 
Lueliang Freeze drying 6.0±0.1c 
Lueliang Spray drying 5.2±0.1ab 
Habahe Convective drying 4.9±0.3d 
Habahe Freeze drying 5.4±0.1b 
Habahe Spray drying 5.0±0.2de 
Datong Convective drying 5.3±0.3ab 
Datong Freeze drying 5.9±0.1c 
Datong Spray drying 5.3±0.1ab 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.5.2 Effect of locations on fat content 
The fat contents of SBP from 4 different locations are shown in Table 28. No significant 
difference was identified on fat contents of SBP from Jianping, Lueliang and Datong. 
However, SBP from Habahe group had the lowest fat content (5.1 g/100g). This was 
mainly due to dry climate in Habahe stressed sea buckthorn growth. Some research also 
concluded that location could be the factor affecting sea buckthorn fat content. For 
example, one study using 6 sea buckthorn cultivars from Romania revealed higher oil 





Table 28: Fat contents of SBP with different locations 
Location Altitude (m) Fat content 
(g/100g, dry weight) 
Jianping 1000 5.5±0.4a 
Lueliang 1500 5.5±0.4a 
Habahe 2000 5.1±0.3b 
Datong 2500 5.5±0.3a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.5.3 Effect of drying methods on fat content 
The fat contents of SBP from 3 different drying methods are shown in Table 29. The freeze 
dried SBP had the highest fat content which was 5.8 g/100g compared to convective dried 
and spray dried ones. No significant difference in fat content was identified between 
convective dried and spray dried SBP. The outcome indicated that fat was more stable in 
freeze drying. An investigation on a walnut based food also showed excellent stability of 
fat phase against oxidative rancidity under freeze drying (Dordoni et al. 2017). Research 
has also indicated that drying methods significantly impact sea buckthorn’s oil extraction 
yield. One study demonstrated that air dried and freeze dried sea buckthorn pulp had 
significant difference in oil extraction yields, their values were 36% and 17% respectively 
(Gutiérrez, Ratti & Belkacemi 2008).  
 
Table 29: Fat contents of SBP with different drying methods 
Drying methods Fat content (g/100g, dry weight) 
Convective drying 5.2±0.4a 
Freeze drying 5.8±0.2b 
Spray drying 5.1±0.2a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.5.4 Effect of convective drying conditions on fat content 
The fat contents of SBP under different convective drying conditions are shown in Figure 
20. Temperature had a significant effect on fat content. In all location groups, fat contents 
of SBP decreased significantly when the temperature was increased. This could be 





Figure 20: Fat content (dry weight) of SBP under different convective drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.5.5 Effect of freeze drying conditions on fat content  
The fat contents of SBP under different freeze drying conditions are shown in Figure 21 
(freeze drying temperature was constantly at -60 ºC). No significant difference in fat 
content was identified in all location groups when the freeze drying duration was 
increased. This further demonstrated fat was stable under freeze drying. However, some 
study has suggested that if the freeze drying duration is too long or the temperature is too 







































































Figure 21: Fat contents (dry weight) of SBP under different freeze drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.5.6 Effect of spray drying conditions on fat content  
The fat contents of SBP under different spray drying conditions are shown in Figure 22. 
In Jianping and Lueliang group, significant differences were identified on fat content 
between 180 ºC and 190 ºC spray dried SBP. However, when inlet air temperature was 
increased from 190 ºC to 200 ºC, fat content did not significantly decline. In Habahe 
group, the fat content decreased significantly when the inlet air temperature was increased. 
In Datong group, significant reduction in fat content was observed between 180 ºC and 
200 ºC spray dried SBP. In addition, 190 ºC spray dried SBP did not have any significant 
difference to that of 180 ºC or 200ºC spray dried. This further demonstrated increased 



































































Figure 22: Fat contents (dry weight) of SBP under different spray drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.6 Major fatty acids composition  
4.1.6.1 Effect of location and drying method on major fat acids composition 
The composition of major fatty acids of SBP from different locations and drying methods 
is shown in Table 30. SBP from the same location under different drying methods did not 
have any significant difference on its major fatty acids composition. An investigation 
focusing on interest of sea buckthorn oils indicated that major fatty acids composition was 
slightly different in different parts of the berries: the seed oil was rich in α-linolenic (37.2–
39.6%), linoleic (32.4–34.2%) and oleic (13.1%) acids, while the pulp oil was abundant 
in palmitoleic (39.9%), palmitic (35.4%) and linoleic (10.6%) acids (Gutiérrez, Ratti & 
Belkacemi 2008). In another study using sea buckthorn collected from Himalayas region 
(India) revealed similar fatty acids composition in pulp oil where palmitoleic (45.6–































































(Arimboor et al. 2006). One of the key attributes of sea buckthorn pulp oil is the high level 
of palmitoleic acid which is rare to identify in plants (Teleszko et al. 2015). Palmitoleic 
acid is a key compound in human skin fat and as a result sea buckthorn pulp oil is often 
used in cosmetic and other skin healing products (Fatima et al. 2012). 
 
















34.53±0.10b 22.06±0.10d 18.13±0.05b 11.98±0.05c 9.78±0.03abcd 
Jianping Freeze 
drying 
34.60±0.16b 22.09±0.05d 18.13±0.02b 12.02±0.04c 9.80±0.02cd 
Jianping Spray 
drying 
34.53±0.14b 22.01±0.05d 18.11±0.04b 12.03±0.03c 9.79±0.02bcd 
Lueliang Convective 
drying 
35.12±0.05c 21.46±0.09b 18.74±0.09a 11.62±0.12b 9.78±0.05abcd 
Lueliang Freeze 
drying 
35.14±0.03c 21.44±0.07b 18.76±0.02a 11.62±0.09b 9.73±0.06ab 
Lueliang Spray 
drying 
35.12±0.03c 21.49±0.08b 18.76±0.06a 11.60±0.11b 9.76±0.07abd 
Habahe Convective 
drying 
34.94±0.10a 20.94±0.07a 18.75±0.08a 11.81±0.14a 9.78±0.09abcd 
Habahe Freeze 
drying 
34.87±0.07a 20.98±0.08a 18.77±0.11a 11.78±0.11a 9.72±0.09a 
Habahe Spray 
drying 
34.85±0.04a 21.02±0.06a 18.70±0.04a 11.83±0.07a 9.73±0.06ab 
Datong Convective 
drying 
34.90±0.12a 21.75±0.10c 18.27±0.16c 11.85±0.05a 9.87±0.05e 
Datong Freeze 
drying 
34.92±0.16a 21.80±0.11c 18.34±0.24c 11.86±0.16a 9.84±0.13ce 
Datong Spray 
drying 
34.90±0.12a 21.78±0.10c 18.36±0.18c 11.85±0.10a 9.83±0.06ce 
Mean ± S.D. with different superscripts are significantly different in the same column (p < 0.05). 
 
4.1.6.2 Effect of locations on major fatty acids composition  
Major fatty acids composition of SBP from different locations is shown in Table 31.  
• For palmitic acid, SBP from Jianping had the lowest level (34.56%) while SBP from 
Lueliang had the highest level (35.13%). At the same time, SBP from Habahe and 
Datong was not significantly different on palmitic acid percentage.  
• For linoleic acid, location had a significant impact. Linoleic acid percentages of SBP 
were 22.05%, 21.46%, 20.98% and 21.78% from Jianping, Lueliang, Habahe and 
Datong respectively and they were significantly different to each other. 
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• For palmitoleic acid, SBP from Lueliang and Habahe had similar percentages and 
they were significantly higher than those from other groups. At the same time, SBP 
from Jianping and Datong had significantly different palmitoleic acid percentages and 
their values were 18.12% and 18.32% respectively.  
• For linolenic acid, SBP from Jianping had the highest level (12.01%) while SBP from 
Lueliang had the lowest level (11.61%). SBP from Habahe and Datong had similar 
linolenic acid percentages.  
• For oleic acid, SBP from Datong had the highest proportion (9.85%). At the same 
time, SBP from Habahe had one of the lowest oleic acid proportions (9.75%) which 
was similar to that of Lueliang (9.76%) but significantly different to that of Jianping 
(9.79%). 
 
A few studies have pointed out the location’s impact on sea buckthorn’s fatty acids 
composition. In a study comparing different origins of sea buckthorn demonstrated that 
locations affected its seed oil and pulp oil fatty acids composition. In their research, 
linoleic acid in seed oil varied from 38.2% to 42.9% while in pulp oil the range was from 
6.0% to 27.0% for the same subspecies of sea buckthorn but from different locations 
(Yang & Kallio 2001). Another investigation using sea buckthorn mesocarp collected 
from Central Asian, Baltic and Caucasian region indicated that samples from Central Asia 
and the Baltic contained higher proportions of palmitoleic acid to that was from Caucasia, 
their values were 55%, 42% and 15% respectively (Vereshchagin, Ozerinina & 
Tsydendambaev 1998). This research further demonstrated that location could be a key 
factor affecting sea buckthorn fatty acids composition.  
 
Table 31: Major fatty acids composition of SBP with different locations 












Jianping 1000 34.56±0.13b 22.05±0.07a 18.12±0.04b 12.01±0.05b 9.79±0.03b 
Lueliang 1500 35.13±0.03c 21.46±0.08b 18.79±0.20a 11.61±0.10c 9.76±0.06ab 
Habahe 2000 34.89±0.08a 20.98±0.07c 18.74±0.08a 11.81±0.11a 9.75±0.08a 
Datong 2500 34.91±0.13a 21.78±0.10d 18.32±0.19c 11.85±0.11a 9.85±0.08c 
Mean ± S.D. with different superscripts are significantly different in the same column (p < 0.05). 
 
4.1.6.3 Effect of drying methods on major fatty acids composition 
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Major fatty acids composition of SBP from different drying methods is shown in Table 
32. Drying methods did not have any significant effect on SBP major fatty acids 
composition including palmitic, linoleic, palmitoleic, linolenic and oleic acids. One 
research study focusing on milk also indicated that no significant difference was observed 
between freeze dried and spray dried milk in regards to fatty acids composition (Yao et 
al. 2016). 
 















34.87±0.24a 21.55±0.42a 18.47±0.30a 11.81±0.16a 9.80±0.07a 
Freeze 
drying 
34.88±0.22a 21.58±0.43a 18.50±0.31a 11.82±0.18a 9.77±0.09a 
Spray 
drying 
34.85±0.23a 21.58±0.38a 18.48±0.29a 11.83±0.18a 9.78±0.06a 
Mean ± S.D. with different superscripts are significantly different in the same column (p < 0.05). 
 
4.1.6.4 Effect of convective drying conditions on major fatty acids composition 
Major fatty acids composition of SBP under different convective drying conditions is 
shown in Figure 23.  
• In Jianping group, when convective drying temperature was increased from 80 ºC to 
90 ºC, no significant difference was identified for all major fatty acids. When the 
temperature was further increased from 90 ºC to 100 ºC, no significant difference was 
identified for all fatty acids proportions except oleic acid. However, 80 ºC and 100 ºC 
convective dried SBP had significant differences on all major fatty acids composition.  
• In Lueliang group, when convective drying temperature was increased from 80 ºC to 
90 ºC, no significant difference was identified. When the temperature was further 
increased from 90 ºC to 100 ºC, palmitic and linoleic acid proportions significantly 
increased while palmitoleic, linolenic and oleic acid proportions did not significantly 
change. At the same time, comparing 80 ºC and 100 ºC convective dried SBP, 
significant differences were identified for all major fatty acids except oleic. 
• In Habahe group, when convective drying temperature was increased from 80 ºC to 
100 ºC, no significant difference was identified for all major fatty acids with the 
exception of linoleic acid. It was indicated that 80 ºC convective dried SBP had 
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significantly higher proportion of linoleic acid compared to that of 90 ºC and 100 ºC 
convective dried samples.  
• In Datong group, when convective drying temperature was increased, no significant 
difference was identified for linoleic, palmitoleic and linolenic acids. Convective 
dried SBP at 80 ºC had similar proportions of palmitic and oleic acid compared to that 
of 90 ºC dried, however it was significantly different to that of 100 ºC dried samples.  
 
4.1.6.5 Effect of freeze drying conditions on major fatty acids composition 
Major fatty acids composition of SBP under different freeze drying conditions is shown 
in Figure 24 (freeze drying temperature was constantly at -60 ºC). No significant 
difference was identified for palmitic, linoleic, palmitoleic, linolenic and oleic acid 
proportions in SBP when freeze drying duration was increased at all location groups 
except linolenic in Lueliang and Datong groups. For linolenic acid, 36 h freeze dried SBP 
from Lueliang and Datong had significantly different proportions to that was 24 h and 30 
h freeze dried.  
 
4.1.6.6 Effect of spray drying conditions on major fatty acids composition 
Major fatty acids composition of SBP under different spray drying conditions is shown in 
Figure 25. No significant difference was identified for palmitic, linoleic, palmitoleic, 
linolenic and oleic acid proportions in SBP with increased temperature at all location 
groups except linolenic in Jianping group. In Jianping group, linolenic proportion of SBP 
under 180 ºC was significantly higher compared to that of 180 ºC or 200 ºC spray dried. 
Certain study indicated that inlet temperature in spray drying might not significantly affect 
fatty acids. For example, in comparison with different spray drying conditions’ impact on 
milk cream powder, total free fatty acids content did not show any significant difference 





Figure 23: Major fatty acids composition of SBP under different convective drying conditions group 


































































































































Figure 24: Major fatty acids composition of SBP under different freeze drying conditions 












































































































































Figure 25: Major fatty acids composition of SBP under different spray drying conditions 










































































































































4.1.7 Vitamin E content 
4.1.7.1 Effect of location and drying method on vitamin E content 
Vitamin E contents of SBP from 4 different locations and 3 drying methods are shown in 
Table 33. In all location groups, convective dried SBP had the lowest vitamin E contents. 
Vitamin E contents of convective dried SBP were 41, 39, 52 and 49 mg/100g respectively 
in the location of Jianping, Lueliang, Habahe and Datong. In all the location groups, there 
was no significant difference identified on vitamin E contents between freeze dried and 
spray dried samples. This research showed much higher vitamin E content than one study 
carried out by Araya-Farias, Makhlouf and Ratti (2011). In their study, vitamin E contents 
of spray dried and freeze dried SBP varied from 6.4 to 7.6 mg/100g. The vitamin E content 
varied significantly due to sea buckthorn origin, variety, time of harvest, drying method 
and condition, etc. For example, one research indicated that tocopherol and tocotrienol 
(the major forms of vitamin E identified in sea buckthorn) fluctuated by 2-3 times in fresh 
juice among different subspecies (Kallio, Yang & Peippo 2002).  
 
Table 33: Vitamin E contents of SBP from different locations and drying methods 
Location Drying methods Vitamin E content 
(mg/100g, dry weight) 
Jianping Convective drying 41±10b 
Jianping Freeze drying 52±2a 
Jianping Spray drying 49±1a 
Lueliang Convective drying 39±10bc 
Lueliang Freeze drying 52±1a 
Lueliang Spray drying 48±2a 
Habahe Convective drying 28±10d 
Habahe Freeze drying 41±1b 
Habahe Spray drying 40±1bc 
Datong Convective drying 35±7c 
Datong Freeze drying 50±1a 
Datong Spray drying 49±1a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.7.2 Effect of locations on vitamin E content 
Vitamin E contents of SBP from 4 different locations are shown in Table 34. SBP from 
Habahe had the lowest vitamin E content (36 mg/100g). However, no significant 
difference in vitamin E content was identified among Jianping, Lueliang and Datong. 
Their values were 47, 36 and 45 mg/100g respectively. The significantly low vitamin E 
content of SBP from Habahe was mainly because of its extremely dry weather which 
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impacted sea buckthorn growth. Some other studies also demonstrated that location played 
an important role in vitamin E content. One example from India indicated that vitamin E 
content in pulp oil varied from 132-179 mg/ 100g for the same subspecies of sea buckthorn 
but from different locations (Ranjith et al. 2006). 
 
Table 34: Vitamin E content of SBP with different locations 
Location Altitude (m) Vitamin E content 
(mg/100g, dry weight) 
Jianping 1000 47±8a 
Lueliang 1500 46±8a 
Habahe 2000 36±8b 
Datong 2500 45±8a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.7.3 Effect of drying methods on vitamin E content 
Vitamin E contents of SBP from 3 different drying methods are shown in Table 35. 
Convective dried SBP had the lowest vitamin E content (36 mg/100g). No significant 
difference was identified on vitamin E contents between freeze dried and spray dried SBP. 
An investigation indicated the similar outcome where freeze dried sea buckthorn berries 
had the highest vitamin E content which was approximately 11% higher than that was air 
dried (Araya-Farias, Makhlouf & Ratti 2011). Vitamin E is unstable and can be oxidized 
in presence of oxygen, light, peroxides and heat. One study also indicated that broiling 
and roasting caused a high loss of vitamin E (Satpute & Annapure 2012). The higher 
temperature could be the major factor for convective dried SBP having significantly lower 
vitamin E content. Spray drying is a fast water-removing process which might limit its 
heat effect on vitamin E loss. 
 
Table 35: Vitamin E contents of SBP with different drying methods 
Drying methods Vitamin E content 
(mg/100g, dry weight) 
Convective drying 36±10a 
Freeze drying 49±5b 
Spray drying 46±4b 





4.1.7.4 Effect of convective drying conditions on vitamin E content 
Vitamin E contents of SBP under different convective drying conditions are shown in 
Figure 26. Temperature had a significant effect on vitamin E contents. In all the location 
groups, vitamin E contents of SBP decreased significantly when the temperature was 
increased. Sensitivity of vitamin E to heat treatment was the major cause. An investigation 
carried out by Araya-Farias, Makhlouf and Ratti (2011) also disclosed that increased 
temperature significantly impacted sea buckthorn berry’s vitamin E degradation under air 
drying. In their research, vitamin E retention rate (based on fresh sea buckthorn berry 
vitamin E content) dropped from 70% to 65% since the temperature was increased from 




Figure 26: Vitamin E contents (dry weight) of SBP under different convective drying 
conditions 

























































































4.1.7.5 Effect of freeze drying conditions on vitamin E content 
Vitamin E contents of SBP under different freeze drying conditions are shown in Figure 
27 (freeze drying temperature was constantly -60 ºC). Freeze drying duration had a 
significant effect on reduction of vitamin E contents in SBP. In all location groups, 
Vitamin E contents of SBP decreased significantly with the increase in freeze drying 
duration. In food, vitamin E occurs naturally in the form of -tocopherol which is oxidised 
when exposed to air. One study indicated that vitamin E contents was appreciably lost 
after one month storage at 37 ºC due to oxidative degradation (Nada et al. 2012). Thus, 
increased drying duration could lead to a reduction of vitamin E content in SBP due to 




Figure 27: Vitamin E contents (dry weight) of SBP under different freeze drying conditions 


















































































4.1.7.6 Effect of spray drying conditions on vitamin E content 
Vitamin E contents of SBP under different spray drying conditions are shown in Figure 
28. When the inlet air temperature was reached 200 ºC, vitamin E contents of SBP were 




Figure 28: Vitamin E contents (dry weight) of SBP under different spray drying conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
Vitamin E contents of SBP under 190 ºC were not significantly different to that of under 
200 ºC spray dried except Lueliang group. In Datong group, vitamin E content of SBP 
under 190 ºC was not significantly different to that of under 180 ºC or 200 ºC. The vitamin 
E content of SBP under spray drying was also reported in another study. In their research, 















































































mg/100g) in comparison with some commonly consumed fruits, such as grape juice 
powder (40 mg/100g) and pineapple fruit juice powder (nil detected) 
(Selvamuthukumaran & Khanum 2012).  
 
4.1.8 Antioxidant activity  
4.1.8.1 Effect of location and drying method on antioxidant activity 
Antioxidant activities of SBP samples from different locations and drying methods are 
shown in Table 36. The freeze dried SBP in Jianping and Datong group had the highest 
antioxidant activity compared to convective dried and spray dried samples. In Lueliang 
and Habahe group, convective dried SBP had the lowest antioxidant activity. At the same 
time, no significant difference was identified on antioxidant activity between convective 
dried and spray dried SBP in all location groups. It has been reported that antioxidant 
activity generally has the same tendency with antioxidant content change. For example, 
one study confirmed that antioxidant activity increased since TPC and TFC increased on 
walnuts (Qu et al. 2016). Determination of antioxidants involves multiple reactions due to 
the nature of phytochemicals complexity, currently no single testing method can fully 
determine all the antioxidants’ properties at once (Tlili et al. 2013). 
 
Table 36: Antioxidant activities of SBP samples from different locations and drying 
methods  
Location Drying methods Antioxidant activity 
(% inhibition of DPPH) 
Jianping Convective drying 38±15abc 
Jianping Freeze drying 51±5fg 
Jianping Spray drying 39±8abc 
Lueliang Convective drying 27±11de 
Lueliang Freeze drying 40±3abc 
Lueliang Spray drying 35±7ad 
Habahe Convective drying 24±11e 
Habahe Freeze drying 36±2abd 
Habahe Spray drying 32±11ade 
Datong Convective drying 46±19cf 
Datong Freeze drying 57±6g 
Datong Spray drying 44±4bcf 







4.1.8.2 Effect of locations on antioxidant activity 
Antioxidant activities of SBP samples from 4 different locations are shown in Table 37. 
SBP from Datong and Jianping had the highest and the second highest antioxidant 
activities which were 49% and 43% respectively. No significant difference was identified 
for antioxidant activities between Lueliang and Habahe groups. The antioxidant activity 
was linked with antioxidants content of the sample. SBP from Datong had the highest 
antioxidant activity mainly due to its comparably high contents of total flavonoid, vitamin 
C and vitamin E. Some other research also demonstrated sample location led to a 
significant difference in antioxidant activity in terms of % inhibition of DPPH. For 
example, one study comparing olive oil quality from 3 different locations indicated that 
their antioxidant activities varied significantly (Chih 2009).  
 
Table 37: Antioxidant activities of SBP samples with different locations 
Location Altitude (m) Antioxidant activity 
(% inhibition of DPPH) 
Jianping 1000 43±12b 
Lueliang 1500 34±9a 
Habahe 2000 30±10a 
Datong 2500 49±13c 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.8.3 Effect of drying methods on antioxidant activity 
Antioxidant activities of SBP samples from 3 different drying methods are shown in Table 
38. Freeze dried SBP had the highest antioxidant activity (46%). No significant difference 
was identified on antioxidant activities between convective dried and spray dried SBP 
samples. The research outcome indicated that freeze dried SBP had the strongest 
antioxidant property in terms of free radical scavenging ability. This study further 
demonstrated freeze drying could remain a benchmark quality for food processes due to 
maximum preservation of structure and avoidance of heat sensitive substances degrading 
during water removal compared to other conventional dehydration processes (Gutiérrez, 
Ratti & Belkacemi 2008; Konstantina et al. 2013). Some studies also supported the similar 
outcomes. For example, in a comparison of different dried sea buckthorn berries, the 
freeze dried sample showed a significantly higher antioxidant activity than that was either 





Table 38: Antioxidant activities of SBP samples with different drying methods 
Drying methods Antioxidant activity 
(% inhibition of DPPH) 
Convective drying 34±16a 
Freeze drying 46±10b 
Spray drying 38±9a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.1.8.4 Effect of convective drying conditions on antioxidant activity 
Antioxidant activities of SBP samples under different convective drying conditions are 
shown in Figure 29. Antioxidant activities of SBP samples decreased significantly with 
increase in drying temperature in all location groups. This was mainly because more heat 
sensitive antioxidants were degraded when drying temperature was increased. A similar 
outcome was also indicated from a strawberry convective drying trial where drying 
temperature was a statistically significant factor with respect to antioxidant activity where 
60°C convective dried strawberries had 13% more loss of antioxidant activity than that 
was under 50°C (Lilia et al. 2018). Antioxidant activity tendency was generally 
commensurate with that of vitamin C, total flavonoid and vitamin E contents in this 
research. Lilia et al. (2018) also stated that the reduction in antioxidant activity was 
associated with degradation of main antioxidants in their research on convective dried 
strawberries. The trend of antioxidant activity on SBP under different convective drying 
conditions also resembled the trend of total flavonoid, vitamin C and vitamin E contents 




Figure 29: Antioxidant activities of SBP samples under different convective drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.8.5 Effect of freeze drying conditions on antioxidant activity 
Antioxidant activities of SBP samples under different freeze drying conditions are shown 
in Figure 30 (freeze drying temperature was constantly -60 ºC). In Jianping and Datong 
group, freeze drying duration had significant effect on reduction of antioxidant activity. 
When freeze drying duration was increased, antioxidant activity decreased significantly. 
In Lueliang and Habahe group, 24 h freeze dried SBP had significantly higher antioxidant 
activity than that of 30 h and 36 h freeze dried. At the same time, 30 h freeze dried and 36 
h freeze dried SBP samples had similar antioxidant activities. There are some studies 
focusing on effect of different freeze drying conditions. For example, increase in 
temperature of freeze drying resulted in lower antioxidant activity in murtilla berry 













































































































Figure 30: Antioxidant activities of SBP samples under different freeze drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.8.6 Effect of spray drying conditions on antioxidant activity 
Antioxidant activities of SBP samples under different spay drying conditions are shown 
in Figure 31. In all location groups, antioxidant activity significantly reduced when the 
inlet air temperature of sprayer was increased. The similar conclusion has been made from 
a study on low fat honey-based milk powder which was dried through spray drying. In 
their research, when the inlet air temperature was increased from 180 ºC to 200 ºC, the 
antioxidant activity of the milk powder significantly decreased (Bansal, Sharma & Nanda 
2014). The reasons behind the decrease in antioxidant activity were oxidative reactions, 
loss of volatile compounds and decomposition of heat-sensitive compounds during 
temperature increase. At the same time, synergistic effect also occurred which converted 










































































































Figure 31: Antioxidant activities of SBP samples under different spray drying 
conditions 
Mean ± S.D. with different superscripts are significantly different in the same location (p < 0.05). 
 
4.1.9 Selection of SBP for drink powder formulation 
Convective drying, freeze drying and spray drying are commonly used in food industry to 
preserve food and extend the shelf life. Each of these methods has some advantages and 
disadvantages. Convective drying is a simple process remarkable in its low cost. However, 
the drawbacks of convective drying are also notable, such as degradation of bioactive 
compounds and low consumer acceptance mainly due to its undesirable colour (Mireles-
Arriaga et al. 2016). Spray drying is a rapid process which can efficiently transform liquid 
or suspension into powder form. Spray drying can be summarised in 3 main steps: 











































































































droplet (Shabde & Hoo 2007). Degradation of bioactive compounds is also noted in spray 
drying although optimisation of parameters can assist in producing a high-quality powder 
and minimise the degradation (Krishnaiah, Nithyanandam & Sarbatly 2014). The key 
parameters in spray drying are inlet air temperature, air dry flow rate, atomiser speed, feed 
flow rate, types of carrier agent and concentration (Phisut 2012). Freeze drying is believed 
to be the best drying method to preserve food from nutritional perspective due to its low 
temperature which minimises degradation. In freeze drying, moisture removal is the 
outcome of water sublimation from solid phase to gas phase which avoids the impact of 
liquid water movement and maintains the original structure of food (Vinod, Sucharitha & 
Suneeetha 2012). It is usually divided into 3 stages: freezing the matter; sublimation of 
the frozen free water; elimination of moisture vapour under vacuum (Reyesa et al. 2010). 
Freeze drying also contributes to a high consumer acceptability. For example, freeze dried 
jack fruit had a better overall acceptability in terms of colour, flavour, taste and texture 
based on sensory evaluation compared to hot air oven dried sample (Vinod, Sucharitha & 
Suneeetha 2012). Freeze drying is time consuming and costly mainly due to its high 
vacuum condition which is required for mass transfer and hydraulic gradient between the 
sublimation front and the drying medium during freeze drying (Claussen et al. 2007).  
 
A summary of all SBP testing results from different locations and drying methods is 
shown in Table 39. Freeze dried SBP from Jianping and Datong had the highest total 
flavonoid, vitamin C and vitamin E contents and antioxidant activity which were crucial 
to antioxidant properties. Thus, these freeze dried samples from Jianping and Datong were 
selected for further analysis as per Table 40. The 24 h freeze dried SBP from Datong had 
the highest vitamin C content and antioxidant activity. It also had one of the highest TFCs 
and the second highest vitamin E content. Therefore, the 24 h freeze dried SBP from 
Datong which had the best nutritional value with the highest antioxidant activity was 





















(% inhibition of 
DPPH) 
Jianping 1000 Convective drying 626±118bd 71±10a 28.4±2.3c 5.3±0.3ab 41±10b 0.38±0.15abc 
Jianping 1000 Freeze drying 754±32ef 122±23bc 33.5±0.1a 5.9±0.1c 52±2a 0.51±0.05fg 
Jianping 1000 Spray drying 562±29ab 95±5e 33.0±0.5a 5.1±0.1ae 49±1a 0.39±0.08abc 
Lueliang 1500 Convective drying 515±120ac 69±20a 30.8±1.2d 5.3±0.4ab 39±10bc 0.27±0.11de 
Lueliang 1500 Freeze drying 590±70ab 126±8bc 33.5±0.1a 6.0±0.1c 52±1a 0.40±0.03abc 
Lueliang 1500 Spray drying 572±23ab 115±13bf 33.0±0.5a 5.2±0.1ab 48±2a 0.35±0.07ad 
Habahe 2000 Convective drying 279±15g 50±7d 23.3±1.8e 4.9±0.3d 28±10d 0.24±0.11e 
Habahe 2000 Freeze drying 438±56c 72±10a 27.3±0.2b 5.4±0.1b 41±1b 0.36±0.02abd 
Habahe 2000 Spray drying 451±112c 53±10d 26.9±0.3b 5.0±0.2de 40±1bc 0.32±0.11ade 
Datong 2500 Convective drying 544±185a 82±7a 29.5±1.8f 5.3±0.3ab 35±7c 0.46±0.19cf 
Datong 2500 Freeze drying 781±35f 131±24c 33.7±0.2a 5.9±0.1c 50±1a 0.57±0.06g 
Datong 2500 Spray drying 687±24ed 108±14ef 32.9±0.5a 5.3±0.1ab 49±1a 0.44±0.04bcf 
Mean ± S.D. with different superscripts in the same column are significantly different (p < 0.05); all values are based on 
dry weight. 
 

















(% inhibition of 
DPPH) 
Jianping 1000 24 h 793±13b 151±2a 33.5±0.2a 5.9±0.0a 54 ±0c 0.56±0.01b 
Jianping 1000 30 h 745±13a 116±2b 33.5±0.2a 5.9±0.0a 51±0b 0.51±0.01a 
Jianping 1000 36 h 725±8a 98±2c 33.4±0.2a 5.9±0.1a 51±0ab 0.45±0.01d 
Datong 2500 24 h 804±9b 158±3d 33.7±0.2ab 5.9±0.1a 52±1b 0.64±0.01c 
Datong 2500 30 h 801±4b 132±2e 33.6±0.2ab 5.9±0.1a 50±1a 0.58±0.02b 
Datong 2500 36 h 737±21a 104±1f 33.8±0.0b 5.9±0.1a 50±0a 0.50±0.01a 





4.2 Drink powder 
4.2.1 Moisture content  
The moisture contents of drink powder formulations are shown in Appendix 1. The 
formulation 69 had the highest moisture content (11.20%) and formulation 1 had the 
lowest moisture content (8.70%). Different ingredients incorporated into the formulations 
have impacted the final moisture content. Moisture content of plant-based food ingredients 
depends on various factors such as variety, origin, climate and processing method.  
 
4.2.2 Total flavonoid content 
The TFCs of drink powder formulations are shown in Appendix 1. Drink powder 
formulation 67, 68, 69 and 70 had the highest TFCs. At the same time, formulation 2 and 
3 had the lowest TFCs.  
 
4.2.2.1 Effect of SBP on total flavonoid content 
The TFCs of drink powder formulations at different SBP proportions are shown in Table 
41. When SBP proportion increased from 35% to 45%, TFC gradually increased from 375 
to 405 mg/100g. TFC at 45% SBP was similar to 40% SBP, but significantly higher 
compared to the 35% SBP. Sea buckthorn is rich in flavonoids and had a significant 
contribution to TFC of drink powder formulations.  
 
Table 41: Total flavonoid contents of drink powder at different SBP proportions 
SBP proportion (%) TFC 




Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.2.2 Effect of Goji Berry Powder on total flavonoid content 
The addition of GBP led to a significant increase in TFC in drink powder formulations 
(Table 42). Increase in GBP from 15% to 30% resulted in an increase in TFC from 306 to 
477 mg/100g. Goji berry has high flavonoid content as its main antioxidants. One study 
has indicated a range of 267-316 mg/100g TFC in goji berry extract from different 
locations (Islam et al. 2017). Drying methods have significant impact on TFC of GBP. 
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Liu et al. (2016) showed that freeze dried GBP had the highest TFC (24 mg/100g) which 
was roughly 3 times more compared to that found under convective drying. However, 
drying conditions may impact TFC. An investigation on convective drying compared sun 
dried and hot-air dried goji berry samples, no significant difference in TFC was identified 
(Ebeydulla et al. 2017).  
 
Table 42: Total flavonoid contents of drink powder at different GBP proportions 
GBP proportion (%) TFC 





Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.2.3 Effect of SBP and GBP on total flavonoid content 
Different SBP and GBP proportions incorporated into drink powder formulation had a 
significant role on TFC (Table 43). Drink powder formulations with 45% SBP and 30% 
GBP had the highest TFC (493 mg/100g) while drink powder containing 35% SBP and 
15% GBP had the lowest TFC (289 mg/100g).  
 
Table 43: Total flavonoid contents of drink powder at different SBP and GBP 
proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
TFC  
(mg/100g, dry weight) 
35 15 50 289±5a 
35 20 55 348±2b 
35 25 60 402±2c 
35 30 65 462±3d 
40 15 55 305±3e 
40 20 60 363±2f 
40 25 65 419±2g 
40 30 70 478±2h 
45 15 60 324±2i 
45 20 65 381±3j 
45 25 70 437±2k 
45 30 75 493±2l 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
Goji berry is rich in flavonoids. Research indicated that dried goji berry consisted of 267-
316 mg/100 g TFC (expressed as catechin equivalents) from different locations (Islam et 
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al. 2017). Another study unveiled that freeze dried goji berry contained approximately 
2400 mg/ 100g TFC (using rutinum as a reference) (Liu et al. 2016).  
 
4.2.2.4 Effect of lupin flour on total flavonoid content 
A decreasing trend in TFC with increasing lupin flour percentage was observed (Table 
44). There was no significant difference in TFC between 15% and 20% lupin flour. 
Significant differences were observed between 5% and 20% as well as 10% and 20% lupin 
flour additions. Lupin flour contains a very low level of TFC at only 0.8 mg/100g as 
reported by Aniess, Khalil and Mosa (2015). The decrease in TFC with lupin flour 
proportion was mainly due to the proportional increase in SBP and GBP contents in drink 
powder formulations.  
 
Table 44: Total flavonoid contents of drink powder at different lupin flour proportions 
lupin flour proportion (%) TFC 





Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.2.5 Effect of carob powder on total flavonoid content 
Addition of 5% to 10% carob powder had no significant impact on TFC of drink powder 
formulations (Table 45). Flavonoid content of carob ranges from 364 to 520 mg/ 100g and 
accounts for 26% of TPC (Hajaji et al. 2010; Nasar-Abbas et al. 2016). Carob is a rich 
source of flavonoids and the major compounds are catechin, quercetin and glycosides 
(Khatib & Vaya 2010). As carob powder was a minor ingredient in the drink powder, 
change in 5% had no significant contribution to the TFC.  
 
Table 45: Total flavonoid contents of drink powder at different carob powder 
proportions 
Carob powder proportion (%) TFC 
(mg/100g, dry weight) 
5 391±66a 
10 389±64a 





4.2.3 Vitamin C content  
The vitamin C contents of drink powder at different formulations are shown in Appendix 
1. The formulation 64, 67, 68, 69, 70 and 71 had the highest vitamin C contents and 
formulation 1, 2, 3, 4, 5, 6 and 7 had the lowest vitamin C contents. 
 
4.2.3.1 Effect of SBP on vitamin C content 
Incorporation of SBP significantly increased vitamin C content of drink powder 
formulations (Table 46). Drink powder containing 35% SBP had the lowest vitamin C 
content (61 mg/100g) while formulation with 45% SBP had the highest vitamin C content 
(78 mg/100g). Sea buckthorn is high in vitamin C content which led to a significant 
contribution to the vitamin C content of drink powder formulations.  
 
Table 46: Vitamin C contents of drink powder at different SBP proportions 
SBP proportion (%) Vitamin C content 




Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.3.2 Effect of GBP on vitamin C content 
Incorporation of GBP from 15% to 30% had no significant contribution to vitamin C 
content (Table 47). Goji berry juice contains a low level of vitamin C content of around 
20 mg/100g (Amagase & Farnsworth 2011). One study suggested that freeze dried goji 
berry contained the highest vitamin C while convective dried contained the lowest vitamin 
C, their values were 4.7 and 1.2 mg/100g respectively (Liu et al. 2016). GBP is 
comparably low in vitamin C content. As a result, GBP had no significant impact on 




Table 47: Vitamin C contents of drink powder at different GBP proportions 
GBP proportion (%) Vitamin C content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.3.3 Effect of SBP and GBP on vitamin C content  
With fixed percentage of SBP, increase in GBP resulted in an increasing trend of vitamin 
C content in drink powder formulations (Table 48). For example, when SBP proportion 
was 35%, vitamin C content increased significantly when GBP was increased from 15% 
to 25%. Drink powder formulation with 45% SBP and 30% GBP had the highest vitamin 
C content (80 mg/ 100g) while 35% SBP and 15% GBP had the lowest vitamin C content 
(58 mg/ 100g).  
 
Table 48: Vitamin C contents of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Vitamin C content 
(mg/100g, dry weight) 
35 15 50 58±0d 
35 20 55 60±2e 
35 25 60 63±1b 
35 30 65 63±1b 
40 15 55 67±1f 
40 20 60 68±0c 
40 25 65 68±0c 
40 30 70 72±2g 
45 15 60 77±1a 
45 20 65 78±1a 
45 25 70 78±1a 
45 30 75 80±2h 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.3.4 Effect of lupin flour on vitamin C content 
The vitamin C contents of drink powder formulations at different proportions of lupin 
flour are shown in Table 49. Drink powder with 5% lupin flour had the highest vitamin C 
content (76 mg/100g). Adding lupin flour showed a decreasing trend in vitamin C content. 
Vitamin C content in drink powder with 15% lupin was similar to that with 10% or 20% 
lupin flour formulation. However, when 10% lupin flour was incorporated into the 
formulation, the vitamin C content was significantly decreased compare to that of 20% 
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lupin flour. Lupin contains very low level of vitamin C and some varieties even show no 
detectable level (Kohajdová, Karovičová & Schmidt 2011). Moreover, the addition of 
lupin flour resulted in a decrease in SBP percentage further lowering the vitamin C 
content.  
 
Table 49: Vitamin C contents of drink powder at different lupin flour proportions 
lupin flour proportion (%) Vitamin C content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.3.5 Effect of carob powder proportion 
Carob powder did not have any significant contribution to vitamin C content (Table 50). 
One study indicated the vitamin C content in carob pods ranged from 8.07 to 10.41 
mg/100g (Gubbuk et al. 2010). However, some food database indicates a low vitamin C 
content in carob powder at only 0.2 mg/100g (USDA National Nutrient Database for 
Standard 2015). The vitamin C content in drink powder was stable regardless of carob 
powder level due to its low vitamin C content and low proportion.   
 
Table 50: Vitamin C contents of drink powder at different carob powder proportions 
carob powder proportion (%) Vitamin C content 
(mg/100g, dry weight) 
5 69±7a 
10 69±7a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.4 Sugar content  
The sugar contents of drink powder at different formulations are shown in Appendix 1. 
The formulation 1 and 2 had the highest sugar contents and formulation 59 and 60 had the 
lowest sugar contents.  
 
4.2.4.1 Effect of SBP on sugar content  
The addition of SBP led to a decreasing trend in sugar content of drink powder 
formulations (Table 51). Drink powder with 45% SBP had significantly lower sugar 
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content compared to that of 35% SBP but it was similar to that of 40% SBP. At the same 
time, incorporation of SBP into the formulation resulted in a relative decrease in total 
percentage of GBP, carob powder and malt extract which were high in sugar. This could 
further result in decrease in sugar content.  
 
Table 51: Sugar contents of drink powder at different SBP proportions 
SBP proportion (%) Sugar content 




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.4.2 Effect of GBP on sugar content 
The sugar contents of drink powder formulations at different GBP proportions are shown 
in Table 52. Adding GBP from 15% to 30% had no significant impact on sugar content. 
Goji berry is high in sugar which varies due to variety, soil nutrient and climate (Zhang, 
Liu & Yuan 2005). The range of sugar content in fresh goji berry was 47-57 g/100g (Li,  
Yu & Gao 2017). One study indicated a minimum 60% of sugar in goji berry powder (Liu 
et al. 2017).  
 
Table 52: Sugar contents of drink powder at different GBP proportions 
GBP proportion (%) Sugar content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
Drying methods significantly impact sugar content. For example, on study indicated that 
freeze dried goji berry had the highest sugar content (Liu et al. 2016). This agreed with 
another study in which freeze dried goji berry had higher sugar content than that was hot 
air dried (Li & Tang 2010). However, increased GBP resulted in proportional decrease of 
other ingredients with high sugar content. SBP and carob powder are high in sugar. In 
addition, barley malt extract contains 57% sugar according to FSANZ (2016). Therefore, 




4.2.4.3 Effect of SBP and SBP on sugar content  
The sugar contents of drink powder formulations at different SBP and SBP proportions 
are shown in Table 53. Total percentage of SBP and GBP had no significant impact on 
sugar content of drink powder formulations. With fixed percentage of SBP at 35%, adding 
GBP resulted in a decreasing trend on sugar content. In the formulations with 40% SBP, 
sugar contents were similar except that of 25% GBP which had the lowest sugar content 
(30.4% mg/100g) in this group. When SBP proportion was further increased to 40%, sugar 
content was stable regardless of GBP.  
 
Table 53: Sugar contents of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Sugar content (g/100g, 
dry weight) 
35 15 50 32.6±2.0e 
35 20 55 32.2±2.0de 
35 25 60 31.4±1.9abcde 
35 30 65 30.9±2.0abc 
40 15 55 31.7±1.9abde 
40 20 60 31.0±2.0abcd 
40 25 65 30.4±2.0c 
40 30 70 32.0±2.0bde 
45 15 60 30.7±1.8abc 
45 20 65 30.6±2.4ac 
45 25 70 31.7±1.9abde 
45 30 75 31.3±1.6abcde 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.4.4 Effect of lupin flour on sugar content 
The addition of lupin flour resulted in a significant reduction in sugar content of drink 
powder formulations (Table 54). Sugar content of lupin flour was 1.4% which was much 
lower than the sugar content of SBP, GBP and carob powder. According to FSANZ 
(2015), sugar contents in whole Australian sweet lupin, split and flake are 2.3, 2.8 and 3.6 
g/100g respectively. Lupin seeds contain higher soluble sugars than wheat but lower than 





Table 54: Sugar content of drink powder at different lupin flour proportions 
lupin flour proportion (%) Sugar content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.4.5 Effect of carob powder on sugar content 
Sugar contents of drink powder formulations at different proportions of carb powder are 
shown in Table 55. Incorporation of 5-10% carob powder did not significantly impact 
sugar content. The carob powder contained 46.7% sugar as per label on retail pack which 
fell into the range of 45-52g/100g as reported by Nasar-Abbas et al. (2016). Research has 
also indicated that cultivated carob has higher sugar content compared to wild (Azab 
2017). In addition, heat treatment impacts carob powder’s sugar content. Roasted carob 
powder had lower (39%) sugar content than non-roasted (45%) (Yousif & Alghzawi 
2000). However, carob powder had no significant contribution to sugar content of drink 
powder formulations due to low proportion. 
 
Table 55: Sugar content of drink powder at different carob powder proportions 
carob powder proportion (%) Sugar content 
 (g/100g, dry weight) 
5 31.4±2.0a 
10 31.3±2.0a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.5 Fat content 
The fat contents of drink powder at different formulations are shown in Appendix 1. The 
formulation 53, 54, 59 and 60 had the highest fat contents and formulation 1, 2, 7, 8 and 
31 had the lowest fat contents.  
 
4.2.5.1 Effect of SBP on fat content  
The fat contents of drink powder at different SBP proportions are shown in Table 56. 
Previous result indicated a fat content of 5.9 g/100g in SBP which was higher than other 
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ingredients except lupin flour based on labelling information. This could lead SBP to have 
significant contribution to fat content of drink powder formulations.  
 
Table 56: Fat contents of drink powder at different SBP proportions 
SBP proportion (%) Fat content 




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.5.2 Effect of GBP on fat content 
GBP had no significant contribution to fat content of drink powder formulations (Table 
57). GBP consisted of 1.5 g/100g fat as per label. Fresh and dried goji berry contained 1.1 
and 4.4 g/100g fat respectively (Niro et al. 2017). Drying methods also significantly 
impact fat content. One study indicated that sun dried goji berry had lower fat content (2.7 
g/100g) compared to that was hot air dried (3.8 g/100g) (Ebeydulla et al. 2017).  
 
Table 57: Fat contents of drink powder at different GBP proportions 
GBP proportion (%) Fat content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.5.3 Effect of SBP and SBP on fat content  
The fat contents of drink powder formulations at different proportions of SBP and GBP 
are shown in Table 58. With fixed percentage of GBP at 15% or 20%, adding SBP led to 
significantly increased fat content. However, in the formulations with 25% GBP, drink 
powder with 35% SBP had the lowest fat content (3.6 g/100g). When GBP proportion was 
further increased to 30%, no significant difference in fat content was identified regardless 




Table 58: Fat contents of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Fat content  
(g/100g, dry weight) 
35 15 50 3.6±0.4d 
35 20 55 3.7±0.3ad 
35 25 60 3.6±0.2ad 
35 30 65 3.8±0.3abc 
40 15 55 3.8±0.3abc 
40 20 60 3.9±0.5bce 
40 25 65 4.1±0.3efg 
40 30 70 3.8±0.3abd 
45 15 60 4.2±0.3fg 
45 20 65 4.3±0.3g 
45 25 70 4.0±0.3cef 
45 30 75 4.0±0.3bcef 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.5.4 Effect of lupin flour on fat content 
Addition lupin flour led to an increasing trend in fat content of drink powder formulations 
(Table 59). No significant difference in fat content was identified in formulations with 5% 
and 10% lupin flour. However, further addition of lupin flour led to significant increase 
in fat content. Australian sweet lupin kernel contains 6.6% crude fat (Petterson 2000). 
Lupin variety impacts its fat content. For example, white lupin (L.Albus) has significantly 
higher fat content than Australian sweet lupin and yellow lupin (L.luteus) (Petterson & 
Fairbrother 1996). According to labelling information, lupin flour had the highest fat 
content (7 g/100g) among all the ingredients in the formulation. Thus, lupin flour had 
significant contribution to fat content of drink powder formulations.  
 
Table 59: Fat content of drink powder at different lupin flour proportions 
lupin flour proportion (%) Fat content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.5.5 Effect of carob powder on fat content 
Carob powder was not a significant contributor to the fat content of drink powder 
formulations (Table 60). One of the key attributes of carob is its low fat content. Research 
has indicated that carob pods contain 0.83% crude fat (Calislar & Kaplan 2017). A similar 
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outcome exhibited 0.74% fat content in carob powder (Yousif & Alghzawi 2000). 
Therefore, fat content of drink powder formulations remained stable regardless of carob 
powder. 
 
Table 60: Fat contents of drink powder at different carob powder proportions 
carob powder proportion (%) Fat content 
 (g/100g, dry weight) 
5 3.9±0.4a 
10 3.9±0.4a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.6 Protein content  
The protein contents of drink powder at different formulations are shown in Appendix 1. 
The formulation 23 and 24 had the highest protein contents and formulation 1, 65 and 66 
had the lowest protein contents.  
 
4.2.6.1 Effect of SBP on protein content  
The protein contents of drink powder formulations at different SBP proportions are shown 
in Table 61. Adding SBP resulted in a decreasing trend in protein content of drink powder 
formulations. At the same time, formulation with 40% SBP was not significantly different 
to that of 35% or 45% SBP. Sea buckthorn is low in protein. For example, sea buckthorn 
raw juice only contains 0.80% protein (Beveridge et al. 1999). Therefore, SBP had a 
significant contribution to reduction of protein content in drink powder formulations. 
 
Table 61: Protein contents of drink powder at different SBP proportions 
SBP proportion (%) Protein content 




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.6.2 Effect of GBP on protein content 
The protein contents of drink powder formulations at different GBP proportions are shown 
in Table 62. Formulation with 15% GBP had the lowest protein content (10.6 g/100g). 
With further addition of GBP, the protein content was stable. One study indicated that 
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fresh goji berry juice contained 2.5% protein while dried goji berry contained 10.2% 
protein (Niro et al. 2017). However, the GBP retail pack label indicated a higher protein 
content at 13.9%. 
 
Table 62: Protein contents of drink powder at different GBP proportions 
GBP proportion (%) Protein content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.6.3 Effect of SBP and SBP on protein content  
The protein contents of drink power formulations at different SBP and GBP proportions 
are shown in Table 63. With fixed percentage of 15% or 20% GBP, drink powder 
formulations had similar protein contents regardless of SBP. When GBP was further 
added to 25%, formulation with 45% SBP had lower protein content compared to that of 
35% and 40% SBP. When GBP was reached 30%, formulation with 35% SBP had higher 
protein content compared to that of 40% and 45% SBP.  
 
Table 63: Protein contents of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Protein content 
(g/100g, dry weight) 
35 15 50 10.3±1.8a 
35 20 55 11.1±1.8abcd 
35 25 60 11.9±1.8cde 
35 30 65 12.7±1.8e 
40 15 55 10.6±1.8ab 
40 20 60 11.3±1.8abcd 
40 25 65 12.2±1.8de 
40 30 70 10.8±1.8abc 
45 15 60 10.8±1.8abc 
45 20 65 11.6±1.8bcde 
45 25 70 10.2±1.8a 
45 30 75 10.6±1.7ab 




4.2.6.4 Effect of lupin flour on protein content 
Lupin flour had significant contribution to protein content of drink powder formulations 
(Table 64). Lupin is reputable for high protein content which is much higher than some 
commonly consumed legumes. Lupin flour contained 35.0% protein while chickpea and 
green pea contained 18.6% and 19.4% protein respectively (Jahreis et al. 2016). Australia 
sweet lupin kernel contained 40% protein (Petterson 2000). The protein content of lupin 
varies dramatically. For example, L mutabilis and L.luteus (yellow lupin) have much 
higher protein contents which could be nearly 50% (Caballero, Trugo & Finglas 2003). A 
similar outcome was drawn in another investigation in which yellow lupin (L.luteus) 
showed the highest protein content (37.9 g/100g) while white lupin (L.albus) (36.1 g/ 
100g) and Australian sweet lupin (32.2 g/100g) had relatively lower protein contents 
(Petterson & Fairbrother 1996). The protein content of lupin flour was 38.5 g/100g as per 
label which was the highest among all the ingredients used in drink powder formulations. 
 
Table 64: Protein contents of drink powder at different lupin flour proportions 
lupin flour proportion (%) Protein content 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.6.5 Effect of carob powder on protein content 
Carob powder was not a significant contributor to protein content of drink powder 
formulations (Table 65). The comparably low protein content in carob powder and its low 
proportion might be the cause. The protein content of roasted carob powder was 5.8% 
(Yousif & Alghzawi 2000). Similar outcome was reported in another investigation in 
which carob pulp contained 5.2% protein (Gruendel et al. 2006). The carob powder used 





Table 65: Protein contents of drink powder at different carob powder proportions 
carob powder proportion (%) Protein content 
 (g/100g, dry weight) 
5 11.2±1.9a 
10 11.2±1.9a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.7 Polysaccharide content  
The polysaccharide contents of drink powder at different formulations are shown in 
Appendix 1. The formulation 68 and 70 had the highest polysaccharide contents and 
formulation 1 and 3 had the lowest polysaccharide contents.  
 
4.2.7.1 Effect of SBP on polysaccharide content 
SBP had significant contribution to polysaccharide content of drink powder formulations 
(Table 66). Increasing SBP from 35% to 45% resulted in an increased polysaccharide 
content. This increase was primarily due to the presence of maltodextrin which was added 
to sea buckthorn juice before the drying process. However, there are also some native 
polysaccharides in sea buckthorn. One study has suggested a range of 5.4-7.8% 
polysaccharides are present in sea buckthorn, with the range depending on extraction and 
determination methods (Zhong, Yang & Sun 2008). A similar outcome indicated that sea 
buckthorn contained approximately 5% polysaccharide content (Jin 2006). 
 
Table 66: Polysaccharide contents of drink powder at different SBP proportions 
SBP proportion (%) polysaccharide content  




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.7.2 Effect of GBP on polysaccharide content 
Incorporation of GBP resulted in an increasing trend of polysaccharide content in drink 
powder formulations (Table 67). For example, formulation with 25% and 30% GBP had 
significantly higher polysaccharide contents compared to that of 15% GBP. However, 
when GBP proportion was 20%, polysaccharide content was not significantly different to 
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that of 15% GBP and 25% GBP. Polysaccharides are characteristic bioactive compounds 
in goji berry. Dried goji berry under hot air and sun drying had 2.0% and 1.6% 
polysaccharide content respectively (Ebeydulla et al. 2017). Maltodextrin is widely added 
to goji berry juice before drying while it is not valuable polysaccharide from a nutritional 
perspective. One investigation has suggested glucoamylase hydrolysis could minimise 
maltodextrin’s impact in determination of goji berry polysaccharide content (Jia et al. 
2015). 
 
Table 67: Polysaccharide contents of drink powder at different GBP proportions 






Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.7.3 Effect of SBP and SBP on polysaccharide content 
The polysaccharide contents of drink powder formulations at different SBP and GBP 
proportions are shown in Table 68. When SBP (or GBP) proportion was fixed, adding 
GBP (or SBP) led to a significant increase in polysaccharide content of drink powder 
formulations.  
 
Table 68: Polysaccharide contents of drink powder at different SBP and GBP 
proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Polysaccharide content 
(g /100g, dry weight) 
35 15 50 13.9±0.4a 
35 20 55 14.4±0.4b 
35 25 60 14.9±0.4c 
35 30 65 15.4±0.4d 
40 15 55 15.7±0.4e 
40 20 60 16.1±0.4f 
40 25 65 16.6±0.4g 
40 30 70 17.0±0.4h 
45 15 60 17.4±0.4i 
45 20 65 17.9±0.4j 
45 25 70 18.3±0.4k 
45 30 75 18.7±0.4l 




The formulation with 35% SBP and 15% GBP had the lowest polysaccharide content (13.9 
g/100g) while that of 45% SBP and 30% GBP had the highest polysaccharide content 
(18.7 g/100g). SBP had high sugar content (33.7 g/100g) and significant proportion of the 
sugar was from maltodextrin which was added before drying (Nickerson et al. 2014). On 
the other hand, goji berry is a rich source of polysaccharides. Therefore, total percentage 
of SBP and GBP had significant contribution to polysaccharide content in drink powder 
formulations.  
 
4.2.7.4 Effect of lupin flour on polysaccharide content 
The polysaccharide contents of drink powder formulations at different proportions of 
lupin flour are shown in Table 69. Formulation with 5% lupin flour had the lowest 
polysaccharide content (18.0 g/100g). Since lupin flour was reached 10% or over, 
polysaccharide contents were similar. Australia lupin seeds typically contain 40% 
polysaccharide (Torres, Frias & Vidal-Valverde 2005). One characteristic attribute of 
lupin polysaccharide is it contains negligible amount of starch (Petterson 2000). Lupin has 
much higher non-starch polysaccharide content compared to some commonly known 
grains, such as corn (11.8%), wheat (21.7%) and barley (26.1%) (Knudsen 2014). 
Although lupin is high in polysaccharide, the proportion was only up to 20% which limited 
the impact in polysaccharide content of drink powder formulations.  
 
Table 69: Polysaccharide contents of drink powder at different lupin flour proportions 
lupin flour proportion (%) polysaccharide content  





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.7.5 Effect of carob powder on polysaccharide content 
Carob powder was a significant contributor to polysaccharide content of drink powder 
formulations (Table 70). Carob seeds have high polysaccharide content. One study has 
indicated that carob powder contains 7% polysaccharides which varies depending on 
variety, climate, harvest and processing conditions (Petkova et al. 2017). The dominant 
polysaccharide is galactomannan which is up to 85% of total polysaccharide content in 
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carob seeds (Goulas et al. 2016). The abundance of polysaccharide in carob significantly 
impacted the polysaccharide content of drink powder formulations although it was a minor 
ingredient. 
 
Table 70: Polysaccharide contents of drink powder at different carob powder 
proportions 
carob powder proportion (%) Polysaccharide content  
(g/100g, dry weight) 
5 16.0±1.5a 
10 16.7±1.5b 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.8 Total phenolic content  
The TPCs of drink powder at different formulations are shown in Appendix 1. The 
formulation 1 had the highest TPC while formulation 68 and 70 had the lowest TPCs.  
 
4.2.8.1 Effect of SBP on total phenolic content 
The TPCs of drink powder formulations at different proportions of SBP are shown in 
Table 71. Formulation with 35% or 45% SBP had the lowest or highest TFC, their values 
were 9.9 and 10.5 mg/g respectively. However, formulation with 40% SBP was not 
significantly different to that of 35% or 45% SBP in TPC.  
 
Table 71: Total phenolic content of drink powder at different SBP proportions 
SBP proportion (%) TPC  




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
Sea buckthorn is rich in TPC. Compared to pineapple and grapefruit juice powder, sea 
buckthorn juice powder had a tenfold higher TPC (Selvamuthukumaran & Khanum 2012). 
Fresh sea buckthorn berries contained 1.8 mg/g TPC while sea buckthorn juice powder’s 
TPC was 4.5 mg/g (Araya-Farias, Makhlouf & Ratti 2011; Selvamuthukumaran & 
Khanum 2012). Some studies exhibited much higher TPC than this research. For example, 
a specific subspecies of sea buckthorn indicated a range of 17.6-27.4 TPC mg/g in juice 
powder (Du et al. 2015). Sea buckthorn pomace revealed an impressively high TPC (302.7 
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mg/g) (Kant, Mehta & Varshneya 2012). Thus, SBP was a significant contributor to TPC 
of drink powder formulations. 
 
 
4.2.8.2 Effect of GBP on total phenolic content 
The TPCs of drink powder formulations at different GBP proportions are shown in Table 
72. Formulation with 15% GBP had the lowest TPC (8.6 mg/g) while that of 30% GBP 
had the highest TPC (11.7 mg/g). Dried goji berry contains 10.6 mg/g TPC which is much 
higher than almond (1.1 mg/g), apricot (3.0 mg/g), brown raisins (7.5 mg/g) and figs (3.3 
mg/g) (Zhang 2013). In another study comparing dried goji berry from different locations 
indicated a range of 2.17-4.48 mg/g TPC (Islam et al. 2017). The abundance of TPC in 
GBP resulted in significant contribution to TFC of drink powder formulations.  
 
Table 72: Total phenolic content of drink powder at different GBP proportions 
GBP proportion (%) TPC  





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.8.3 Effect of SBP and SBP on total phenolic content 
The TPCs of drink powder formulations at different SBP and GBP proportions are shown 
in Table 73. With fixed percentage of SBP, TPC increased significantly once GBP was 
added. Formulation with 35% SBP and 15% GBP had the lowest TPC (8.2 mg/g). At the 
same time, formulations containing 30% GBP had the highest TPCs regardless of SBP. 
Since sea buckthorn and goji berry are rich in TPC, incorporation of SBP and GBP 




Table 73: Total phenolic content of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
TPC  
(mg/g, dry weight) 
35 15 50 8.2±0.8c 
35 20 55 9.3±0.8ef 
35 25 60 10.4±0.8hi 
35 30 65 11.5±0.9ab 
40 15 55 8.6±0.9cd 
40 20 60 9.7±0.8fg 
40 25 65 10.8±0.9ij 
40 30 70 11.6±0.7ab 
45 15 60 9.0±0.9de 
45 20 65 10.0±0.9gh 
45 25 70 11.1±0.8aj 
45 30 75 12.0±0.8b 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.8.4 Effect of lupin flour on total phenolic content 
The TPCs of drink powder formulations at different proportions of lupin flour are shown 
in Table 74. Formulation constituted 5% lupin flour had the highest TPC (11.6 mg/g). 
Once lupin flour was between 10% and 20%, TPCs were similar. Lupin has a TPC of 0.19 
mg/g which is similar to chick peas (0.20 mg/g), but much lower than lentils (0.26 mg/g) 
(Khan, et al. 2015). Australia sweet lupin has 0.32% TPC which is lower than white lupin 
(L.albus) (0.37%) and soybean (0.57%) (Jayaseena & Quail 2004). Research has 
suggested that fermentation could significantly increase lupin flour’s TPC (Rumiyati, 
Jayasena & James 2013). Compared to sea buckthorn and goji berry, lupin has 
comparability lower TPC. This could result in a decreasing trend of TPC in drink powder 
formulations since lupin flour was incorporated.  
 
Table 74: Total phenolic content of drink powder at different lupin flour proportions 
lupin flour proportion (%) TPC  










4.2.7.5 Effect of carob powder on total phenolic content 
Addition of carob powder significantly increased TPC in drink powder formulations 
(Table 75). Carob is abundant in TPC. Carob kibble contains 1.4-2.0% total polyphenols 
(Nasar-Abbas et al. 2016). One study suggested that the nature of extraction solvent and 
ripening stage had significant effects on carob extract’s TPC (Ydjedd et al. 2017). Carob 
power was a significant contributor to TPC of drink powder formulations. 
 
Table 75: Total phenolic content of drink powder at different carob powder proportions 
carob powder proportion (%) TPC (mg/g, dry weight) 
5 9.4±1.2a 
10 11.0±1.2b 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.9 Carotenoid content  
The carotenoid contents of drink powder at different formulations are shown in Appendix 
1. Formulations with 45% SBP and 30% GBP had the highest carotenoid contents, namely 
formulation 67, 68, 69, 70 and 71. At the same time, formulations with 35% SBP and 15% 
GBP had the lowest carotenoid contents, namely formulation 1, 2, 3, 4, 5 and 6.  
 
4.2.9.1 Effect of SBP on carotenoid content 
Incorporation of SBP into drink powder led to an increasing trend of carotenoid content 
in drink powder formulations (Table 76). Formulation with 35% SBP had the lowest 
carotenoid content (345 mg/100g) while that of 45% SBP showed the highest carotenoid 
content (379 mg/100g). At the same time, formulation with 40% SBP had similar 
carotenoid content to that of 35% or 45% SBP. Sea buckthorn is rich in carotenoid in 
which α, β, γ-carotene and lycopene are the major carotenoids (Suryakumar & Gupta 
2011). Sea buckthorn berry’s carotenoid content ranges from 15 to 89 mg/100g (Yan & Li 
2013). The average carotenoid content in fresh sea buckthorn berry is 80 mg/100g (Xu et 
al. 2011). However, certain low carotenoid content is also reported. For example, one 
study indicated the lowest carotenoid content was 2 mg/100g in sea buckthorn juice as it 
varied depending on variety and growing conditions (Beveridge et al. 1999). On the other 
hand, sea buckthorn pulp oil contained much higher carotenoid content than seed oil 
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(Cenkowski et al. 2006). Carotenoid is sensitive to heat, light and oxygen, and could be 
degraded during transport and storage (Boon et al. 2010). The accuracy of carotenoid 
measurements can be improved by preserving carotenoids during sample preparation (Xu 
& Howard 2012). Testing method is another factor affecting carotenoid content. One of 
the most frequently used methods is using β-carotene as a reference. However, this method 
ignores other carotenoids such as xanthophyll which results in lower carotenoid content 
than it is actually present (Schwartz 1998).  
 
Table 76: Carotenoid contents of drink powder at different SBP proportions 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.9.2 Effect of GBP on carotenoid content 
The carotenoid contents of drink powder formulations at different GBP proportions are 
shown in Table 77. Increasing GBP led to an increase of carotenoid content in drink 
powder formulations. Formulation with 15% GBP had the lowest carotenoid content (289 
mg/100g) while that of 35% GBP had the highest carotenoid content (438 mg/100g). Dried 
goji berry contains 30-500 mg/100g carotenoid (Amagase & Farnsworth 2011). 
Carotenoid content in goji berry varies in different locations (Islam et al. 2017). However, 
fresh and dried goji berry have the same composition of carotenoids regardless of heat 
treatment (Niro et al. 2017). Sample preparation could also impact carotenoid content. 
One investigation carried out in Italy indicated carotenoid contents of dried goji berries 
were 184 and 199 mg/100g for unsaponified and saponified samples respectively (Niro et 
al. 2017). GBP had significant contribution to carotenoid content in drink powder 




Table 77: Carotenoid contents of drink powder at different GBP proportions 






Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.9.3 Effect of SBP and GBP on carotenoid content 
The carotenoid contents of drink powder formulations at different SBP and GBP 
proportions are shown in Table 78. When SBP and GBP were at different proportions, 
carotenoid contents were significantly different. Formulation with 45% SBP and 30% 
GBP had the highest carotenoid content (457 mg/100g) while that of 35% SBP and 15% 
GBP had the lowest carotenoid content (271 mg/ 100g). Both sea buckthorn and goji berry 
are abundant in carotenoid content. Thus, the total percentage of SBP and GBP had 
significant contribution to carotenoid content of drink powder formulations.  
 
Table 78: Protein contents of drink powder at different SBP and GBP proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Carotenoid content  
(mg/100g, dry weight) 
35 15 50 269±4a 
35 20 55 320±4b 
35 25 60 372±5c 
35 30 65 422±4d 
40 15 55 290±4e 
40 20 60 340±3f 
40 25 65 388±4g 
40 30 70 437±2h 
45 15 50 309±2i 
45 20 65 359±5j 
45 25 70 406±2k 
45 30 75 457±4l 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.9.4 Effect of lupin flour on carotenoid content 
Carotenoid contents of drink powder formulations at different lupin flour proportions are 
shown in Table 79. Formulation containing only 5% lupin flour had the highest carotenoid 
content (432 mg/100g). Carotenoid content showed a decreasing trend with increased 
proportion of lupin flour. When lupin flour was reached 10% and 15%, carotenoid 
contents were similar, but they were significantly different to that of 5% or 20% lupin 
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flour. Formulation with 20% lupin flour had the lowest carotenoid content (343 mg/100g). 
One study has demonstrated that carotenoid content in lupin flour is 5 to 23 mg/100g 
depending on variety. For example, L.barkeri has a higher carotenoid content than 
L.montanus and L.albus (Guemes-Vera et al. 2012). Three key carotenoids in lupin are 
lutein, zeaxanthin and carotene (Wang et al. 2008).  
 
Table 79: Carotenoid contents of drink powder at different lupin flour proportions 
lupin flour proportion (%) Carotenoid content  





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.9.5 Effect of carob powder on carotenoid content 
The carotenoid contents of drink powder formulations were stable regardless of carob 
powder (Table 80). Compared to sea buckthorn and goji berry, carob has a lower 
carotenoid content. Carotenoid content in carob powder is 19 mg/100g which is much 
higher than liquorice (Ginat, El-sherif & Tolba 2011). In addition, carob powder was a 
minor ingredient in the formulation. Thus, carob powder was not a significant contributor 
to carotenoid content of drink powder formulations. 
 
Table 80: Carotenoid contents of drink powder at different carob powder proportions 
carob powder proportion (%) Carotenoid content  
(mg/100g, dry weight) 
5 364±58a 
10 362±57a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.10 Antioxidant activity  
The antioxidant activities of drink powder samples at different formulations are shown in 
Appendix 1. Formulation 68 and 70 had the highest antioxidant activity while formulation 




4.2.10.1 Effect of SBP on antioxidant activity 
SBP was a significant contributor to drink powder formulations antioxidant activity (Table 
81). No significant difference of antioxidant activity between formulations with 35% and 
40% SBP was identified. However, formulation with 45% SBP had the highest antioxidant 
activity (45%). Sea buckthorn has very powerful antioxidant property. One study 
indicated that since sea buckthorn extract concentration was increased from 5 to 5000 μg/ 
mL, antioxidant activity increased significantly up to approximately 40% (% inhibition of 
DDPH) (Lim et al. 2013). Extraction solvent also impacts antioxidant activity. For 
example, methanol extracted sea buckthorn sample had the highest antioxidant activity 
compared to that was petroleum ether, chloroform and water extracted (Chaman et al. 
2011). Sea buckthorn exhibited higher antioxidant activity than some reputable 
antioxidants, such as BHT and beta hydroxy acid (BHA) (Papuc, Diaconescu & Nicorescu 
2008). 
 
Table 81: Antioxidant activities of drink powder formulations at different SBP 
proportions 
SBP proportion (%) Antioxidant activity 




Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.10.2 Effect of GBP on antioxidant activity 
Antioxidant activities of drink powder formulations at different GBP proportions are 
shown in Table 82. No significant difference was identified in formulations containing 
15% and 20% GBP. However, when GBP was reached over 20%, antioxidant activity 
significantly increased. One investigation indicated a range of 16.1-17.5 µmol Trolox/g 
antioxidant ability in goji berries from different locations (Islam et al. 2017). 
Polysaccharide as characteristic compound in goji berry showed an excellent antioxidant 
property in which antioxidant activity was as strong as BHT but inferior to vitamin C (He 
et al. 2012). Thus, GBP had significant contribution to drink powder formulations 




Table 82: Antioxidant activities of drink powder formulations at different GBP 
proportions 
GBP proportion (%) Antioxidant activity 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.10.3 Effect of SBP and SBP on antioxidant activity  
Antioxidant activities of drink powder formulations at different proportions of SBP and 
GBP are shown in Table 83. When SBP proportion was 35%, antioxidant activity 
fluctuated. With fixed percentage of SBP at 40% or 45%, antioxidant activity generally 
increased by adding GBP. The highest antioxidant activity was 62% when formulation 
contained 45% SBP and 30% GBP.  
 
Table 83: Antioxidant activities of drink powder formulations at different SBP and GBP 
proportions 
SBP (%) GBP (%) SBP+GBP 
(%) 
Antioxidant activity 
(% inhibition of DPPH) 
35 15 50 34±2cd 
35 20 55 37±2ab 
35 25 60 39±1b 
35 30 65 36±4ad 
40 15 55 30±2e 
40 20 60 33±1c 
40 25 65 42±4f 
40 30 70 49±4g 
45 15 60 37±3ab 
45 20 65 38±2ab 
45 25 70 46±5h 
45 30 75 62±1i 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.10.4 Effect of lupin flour on antioxidant activity 
Antioxidant activities of drink powder formulations at different lupin flour proportions 
are shown in Table 84. Formulation with 10% lupin flour had the highest antioxidant 
activity (50%). No significant difference was identified since formulations contained over 
10% lupin flour. One study indicated that radical scavenging activity of Australian sweet 
lupin flour was 25 mg Trolox/100g (Rumiyati, Jayasena & James 2013). Lupin flour’s 
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antioxidant activity is mainly affected by variety (Wang et al. 2008). Compared to wheat 
flour, lupin flour has roughly 5 times higher radical scavenging activity (Aniess, Khalil & 
Mosa 2015). Research also indicated that lupin flour’s antioxidant activity did not fully 
correlate with TPC (Wang et al. 2008).  
 
Table 84: Antioxidant activities of drink powder formulations at different lupin flour 
proportions 
Carob powder proportion (%) Antioxidant activity 





Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
4.2.10.5 Effect of carob powder on antioxidant activity 
Carob powder was not a significant contributor to antioxidant activity of drink powder’s 
formulations (Table 85). Carob powder has shown strong antioxidant ability. One study 
indicated that the antioxidant activity of carob powder was 70 mM Trolox /g (Petkova et 
al. 2017). In addition, ripe carob pods showed stronger antioxidant activity compared to 
the unripe (Ydjedd et al. 2017). Although carob powder had strong antioxidant activity, it 
was a minor ingredient which limited its impact on drink powder formulations. 
 
Table 85: Antioxidant activities of drink powder formulations at different carob powder 
proportions 
Carob powder proportion (%) Antioxidant activity 
(% inhibition of DPPH) 
5 39±8a 
10 41±8a 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
4.2.10.6 Comparison of antioxidant activity with vitamin C 
Vitamin C is reputable for powerful antioxidant property and it is often employed as a 
common reference in comparison with antioxidant activity. In addition, vitamin C reacts 
rapidly and completely (Roidaki, Zoumpoulakis & Proestos 2015). The antioxidant 





Figure28: Vitamin C antioxidant activity  
 
A comparison with SBP, drink powder (selected formulations with the highest, second 
highest and lowest antioxidant activity from Table 83) and vitamin C antioxidant activity 
is shown in Table 86. SBP showed the highest antioxidant activity. One investigation has 
indicated that antioxidant activity of dried sea buckthorn berry from different varieties is 
equivalent to vitamin C at the concentration of 5-10 mg/100g (Roidaki, Zoumpoulakis & 
Proestos 2015). The antioxidant activity of vitamin C was higher than Trolox and rutin 
while lower than quercetin and catechin (Kim et al. 2002). Sea buckthorn is rich in vitamin 
C and contains quercetin and catechin as major flavonoids which might be the cause for 
SBP higher antioxidant activity compared to drink powder. 
  


























































100 30±2a 0.49 40% SBP, 15% GBP 
Drink 
powder 
100 46±5b 1.18 45% SBP, 25% GBP 
Drink 
powder 
100 62±1c 1.86 45% SBP, 30% GBP 
SBP 100 64±1d 1.94 The one selected for 
drink powder 
formulation 
Mean ± S.D. with different superscripts in the same column are significantly different (p < 0.05) 
 
4.2.11 Selection of drink powder formulation  
Based on Appendix 1, drink powder formulation 68 and 70 had one of the highest total 
flavonoid, vitamin C, total phenolic, polysaccharides and carotenoid contents. At the same 
time, formulation 68 and 70 also had the highest antioxidant activities. However, 
formulation 68 had significantly higher protein content than formulation 70. Therefore, 
formulation 68 had the best nutritional value which was selected for cell culture study. 
 
4.3 Microbiological testing  
Microbiological results of SBP and drink powder are shown in Table 87. APC of drink 
powder was nearly half of that in SBP. This could be due to the heat treatment which was 
carried out on drink powder. In addition, antimicrobial properties of some ingredients may 
have contributed to reduction of APC. For example, goji is a natural antimicrobial agent 
(Mikulic-Petkovsek et al. 2012). Carob has a long shelf life due to hydrolysable tannins 
which indicate antimicrobial properties (Nasar-Abbas et al. 2016).  
 
There was no E. coli or Salmonella detected in both SBP and drink powder. According to 
FSANZ 1.6.1, aerobic plate count, E. coli and Salmonella limits for ready-to-eat food 
under level 2 (refers to ready-to-eat food without being fully cooked) were 1 x106, 100 
CFU/g and nil detected respectively as satisfactory quality guide (2001). The Ministry of 
Health New Zealand (1995) has also stated that microbiological limits for “powder general 
use” is maximum 1.0 × 105 CFU/g for aerobic plate count and should be nil for 
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Salmonella. Therefore, both SBP and drink powder samples can be deemed to be safe for 
human consumption. 
 
Table 87: Microbiological summary of SBP and drink powder 
Sample  APC  
(104 CFU/g) 
E. coli Salmonella Remarks 
SBP 7.3±1.0a Nil detected Nil detected 24 h freeze dried 
SBP from Datong 
which was selected 
for drink powder 
formulation 
Drink powder 
formulation 68  
3.7±0.8b Nil detected Nil detected Selected for cell 
culture study 





4.4 Cell culture techniques  
4.4.1 Effect of drink powder and its ingredients on Aβ-induced cell death 
4.4.1.1 Effect of amyloid beta on cell viability 
In order to investigate whether amyloid-β induced cell death, various concentrations of 
amyloid-β were cultured for 48 h and 72 h. At both the 48 h and 72 h culture, amyloid-β 
decreased cell viability (Table 88). The 30 μM amyloid-β showed maximal decrease of 
cell viability at 72 h culture. The 20 μM amyloid-β indicated approximately half decrease 
in cell viability at 72 h culture. On the other hand, increased Aβ concentration resulted in 
significant decrease of viable cell numbers at both 48 h and 72 h culture (Figure 32).  
 
Table 88: Effect of Aβ concentrations and culture time on cell viability 
Aβ concentration (μM) Cell viability (%) Incubation time (h) 
10 93±0a 48 
10 87±0b 72 
20 77±0c 48 
20 51±0d 72 
30 33±0e 48 
30 20±0f 72 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
Amyloid-β deposits in brains of patients with Alzheimer’s disease (AD) provides 
mechanistic link between amyloid beta protein (Aβ) accumulation and neuron tissue 
toxicity. Amyloid beta peptide has shown neurotoxicity in immortalised cell lines, primary 
neuronal cultures and animal models (Krishtal et al. 2015). Here the effect of amyloid beta 
on human neuroblastoma cell line BE(2)-M17 was investigated. In current study, 
monomeric/ oligomeric amyloid beta with 10, 20, 30 µM concentrations significantly 
decreased the cell viability due to its spontaneously toxic aggregates. These concentrations 
were used in many previous works (Ladiwala et al. 2012; Hwang, Lim & Kim 2017; Stine 
et al. 2011). The condition of amyloid-β 20 μM at 72 h culture was used for further 
experiments because it reached half maximum inhibition in terms of cell viability (51%) 







Figure 32: Cell number at different Aβ concentrations 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
4.4.1.2 Effect of drink powder and ingredients on cell morphology 
Incubation of cells with different concentrations of drink powder/ ingredients showed 
significant changes in both length and number of neurite, which is axon or dendrite as the 
projection of a nerve cell. The following images are taken from phase contrast microscopy 
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a                          b                               c 
   
d                           e                               f 
Figure 33: Cell morphology of drink powder and their key ingredients treated with Aβ 
induced cells  
(a) Aβ only (b) control (only cells without Aβ and sample treatment (c) cells treated with drink 
powder at 1.5 µg/mL (d) cells treated with SBP at 0.9 µg/mL (e) cells treated with GBP at 1.2 
µg/mL (f) cells treated with SG at 1.2 µg/mL 
 
4.4.1.3 Effect of drink powder on cell viability 
Drink powder inhibited amyloid-β induced cell death in a dose-dependent manner (Figure 
34). Incubation of cells with drink powder at the concentration of 0.6-1.2 µg/mL resulted 
in a significant increase of cell viability. This effect was not further enhanced by 
increasing drink powder concentration to 1.8 µg/mL. The reduction of cell viability was 
observed in the presence of drink powder at 1.8 µg/mL. Drink powder is rich in 
antioxidants. Research has indicated that antioxidant could improve cell viability via 
enhancing potency, mitigating oxidative stress etc. (Agrawala & Adhikari 2009). Apart 
from sea buckthorn and goji berry, drink powder also contained carob powder, lupin flour 
and turmeric powder which could further enhance drink powder’s effect on cell viability. 
This possibly resulted in the highest cell viability of drink powder compared to other 
ingredients. Further increasing drink powder in the range of 1.5-1.8 µg/mL led to 




Figure 34: Effect of drink powder concentrations on cell viability 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
4.4.1.4 Effect of SBP on cell viability  
SBP inhibited amyloid-β induced cell death in a dose-dependent manner (Figure 35). 
Incubation of cells with SBP at the concentration between 0.6 and 0.9 µg/mL resulted in 
increased cell viability. However, cell viability gradually decreased from 1.11 × 104 to 
0.78 × 104 once SBP concentration was in the range of 0.9-1.8 µg/mL. Several studies 
have shown sea buckthorn protection against toxin-induced cells. For example, sea 
buckthorn extracts significantly increased cell viability in chromium-induced cells 
(Geetha et al. 2002). Sea buckthorn juice provided protection against genotoxic action of 
cisplatin to normal cells in cancer patients (Nersesyan & Muradyan 2004). Cytoprotective 
effect of sea buckthorn is mainly due to its strong antioxidant property through enhanced 
cryoprotection and reduced apoptosis (Olas, Skalski & Ulanowska 2018). However, low 
pH of sea buckthorn may limit its neuroprotective effect. One study indicated that sea 
buckthorn juice pH was 2.57 (Araya-Farias, Makhlouf & Ratti 2011). This could be the 
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Figure 35: Effect of SBP concentrations on cell viability 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
4.4.1.5 Effect of GBP on cell viability 
GBP inhibited amyloid-β induced cell death in a dose-dependent manner as per Figure 36. 
Cell viability was significantly increased with increased GBP concentration from 0.6 to 
1.2 μg/mL. On the other hand, further increasing concentration in the range of 1.2-1.8 
μg/mL led to significantly decreased cell viability. Goji berry provides neuroprotective 
effect mainly due to its polysaccharides (characteristic compound as discussed in literature 
review) with proved strong antioxidative and anti-aging properties. One study has 
suggested that goji berry polysaccharides are responsible for increased H2O2-induced cell 
viability and reduced CoCl2-treated brain tissue apoptosis (Cheng et al. 2015). The 
decreased cell viability when GBP concentration was in the range of 1.2-1.8 μg/mL was 
possibly due to increased sugar content as high glucose intake could cause apoptosis and 






























Figure 36: Effect of GBP concentrations on cell viability 
Mean ± SD with different superscripts are significantly different (p <0.05). 
 
4.4.1.6 Effect of SG on cell viability 
The sea buckthorn and goji berry mixture (45:30 by weight) (SG) inhibited amyloid-β 
induced cell death in a dose-dependent manner (Figure 37). Cell viability significantly 
increased with increased SG concentration from 0.6 to 1.2 μg/mL. Then cell viability 
decreased since SG concentration was in the range of 1.2-1.8 μg/mL. SG contained 60% 
SBP and 40% GBP as per their ratio formulated in drink powder (formulation 68). The 
larger proportion of SBP in SG resulted in a lower pH compared to GBP which could limit 
SG’s effect on cell viability. This may explain the intermediate cell viability of SG which 































Figure 37: Effect of SG concentrations on cell viability 
Mean ± SD with different superscripts are significantly different (p <0.05). 
 
4.4.1.7 Comparison of cell viability 
The highest cell viability from each sample treatment is shown in Table 89. Drink powder 
and GBP had the highest cell number (1.26 × 104) while SBP had the lowest cell number 
(1.11 × 104). Cell number under SG treatment was lower than that of drink powder but 
higher than SBP. The mechanism on how drink powder and its ingredients inhibited Aβ-
induced cell death was still unclear. In addition, MTS assay is based on the colour intensity 
of formazan dye in accordance with number of viable cells. Some chemicals or 
phytochemicals may also impact formazan dye activity and interfere with the accuracy of 
the results (Berridge, Herst & Tan 2005; Wang, Henning & Heber 2010). Therefore, further 
experiment was required to investigate how drink powder and its ingredients worked with 
cells and Aβ.  
 
Table 89: Cell number with highest cell viability 
Sample treatment Highest cell number (104) Concentration (µg/mL) 
Drink powder 1.26±0.04a 1.5 
SBP 1.11±0.01b 0.9 
GBP 1.26±0.04a 1.2 
SG 1.19±0.03c 1.2 






























4.4.2 BCA assay and Western blotting analysis  
Based on the MTS assay, current work selected following concentrations for BCA assay 
and Western blotting analysis as per Table 90. 
 
Table 90: Selected ingredients for protein extraction and Western blotting 
Ingredient Concentration (μg/mL) 
Drink powder 0.9, 1.2, 1.5 
SBP 0.9, 1.2, 1.5 
GBP 0.9, 1.2, 1.5 
SG 0.9, 1.2, 1.5 
 
4.4.2.1 BCA assay 
After lysis of cells, it is vital to determine the total protein concentration of the sample. 
Accurate quantitation of the protein in each sample indicates the actual amount of protein 
that should be loaded in each lane. This prevents overloading the lane in Western blotting 
but still allows adequate detection of the protein of interest. In brief, a set of diluted BCA 
standards and each cell lysate or cell medium sample were added to the reagent and 
produced a coloured reaction which was in proportion to the amount of protein. The 
absorbance of all BCA standards and samples were measured with the spectrophotometer 
set to 450 nm within 10 mins as instructed by the manufacturer’s manual. The formula of 
absorbance is based on Equation 18. The data with known concentrations are listed in 
Table 91.  
AF = AI - AB — Equation 18 
Where:  
AF = final absorbance at 450 nm 
AI = initial absorbance at 450 nm 





Table 91: BCA standard absorbance 




1 80 0.790±0.025 
2 40 0.424±0.010 
3 20 0.234±0.013 
4 18 0.2±0.099 
5 16 0.170±0.006 
6 14 0.153±0.006 
7 12 0.135±0.000 
8 10 0.111±0.007 
9 8 0.082±0.003 
10 6 0.054±0.001 
Data expressed as mean ± SD 
 
The standard curve based on standard’s absorbance with known concentrations is drawn 
in Figure 38.  
 
 
Figure 38: BCA protein assay standard curve 
 
The intensity of the coloured reaction product indicates the protein amount of the sample 
which can be determined by comparing its absorbance value to a standard curve. The 
absorbance value is the dependent variable (Y-axis) while concentration is the 
independent variable (X-axis). The relationship between BCA protein concentrations and 
the intensity for regions of interest is fitted to a linear regression with the equation: y = 
0.0098x + 0.0148. According to this equation, protein concentrations of cell lysate and 
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cell medium with Aβ are listed in Table 92. As per BCA assay, cells treated with drink 
powder had the higher protein concentration in both cell lysate and cell medium. This may 
be due to the presence of 11.09% protein in drink powder (formulation 68) as previously 
discussed in 4.2.6 which is higher than SBP and GBP.  
 














1 Aβ only N.A. 18.60±0.03f 6.67±0.06h 
2 Drink powder 0.9 30.92±0.05e 13.76±0.08c 
3 Drink powder 1.2 30.56±0.06d 13.64±0.04c 
4 Drink powder 1.5 30.64±0.22de 13.28±0.02d 
5 SBP 0.9 28.60±0.11b 11.42±0.16b 
6 SBP 1.2 28.44±0.92b 11.37±0.42b 
7 SBP 1.5 28.70±0.00b 11.31±0.07b 
8 GBP 0.9 24.67±0.11g 9.56±0.09a 
9 GBP 1.2 24.22±0.17c 9.58±0.02a 
10 GBP 1.5 24.10±0.07c 9.44±0.00a 
11 SG 0.9 26.65±0.34a 10.80±0.07e 
12 SG 1.2 26.64±0.23a 10.60±0.13f 
13 SG 1.5 26.34±0.06a 10.30±0.13g 
Mean ± SD with different superscripts in the same column are significantly different (p<0.05) 
 
The protein concentrations of samples without Aβ are shown in Table 93. Cells treated 
with drink powder exhibited higher protein concentrations in cell lysate and cell medium 
than other samples. As discussed in 4.2.6, drink powder (formulation 68) contained 10% 
lupin flour which was high in protein while sea buckthorn and goji berry were comparably 




















N.A. 10.65±0.04f 0.47±0.03f 
2 Drink powder 0.9 26.29±0.06e 11.30±0.28e 
3 Drink powder 1.2 25.93±0.13d 11.30±0.09e 
4 Drink powder 1.5 26.04±0.17de 10.92±0.08g 
5 SBP 0.9 22.70±0.03b 8.60±0.20d 
6 SBP 1.2 22.72±0.13b 8.62±0.04d 
7 SBP 1.5 22.98±0.00b 6.89±0.04h 
8 GBP 0.9 17.52±0.06g 6.26±0.05a 
9 GBP 1.2 17.16±0.17c 6.52±0.05b 
10 GBP 1.5 17.12±0.08c 6.42±0.02ab 
11 SG 0.9 21.14±0.32a 7.10±0.08c 
12 SG 1.2 21.40±0.27a 7.16±0.14c 
13 SG 1.5 21.18±0.15a 7.48±0.08i 
Mean ± SD with different superscripts in the same column are significantly different (p <0.05) 
 
The reduction of amyloid beta concentration was calculated between protein concentration 
of control and sample with Aβ and without Aβ as per Equation-19.  
CR = (CA - CB) - (CS
 - CW) — Equation 19 
Where:  
CR = reduction of amyloid beta concentration 
CA = protein concentration of Aβ only 
CB= protein concentration of blank  
CS = protein concentration of sample with Aβ 
CW = protein concentration of sample but no Aβ 
CA- CB = amyloid beta concentration of control  
 
As expected drink powder showed significantly (p = 0.000) higher amyloid beta reduction 
than individual ingredients (Table 94). However, there was no significant difference in 
amyloid reduction among the different concentrations of drink powder. Since the cell 
viability on amyloid beta induced cell death (Figure 34) of these concentrations were 
different, further work was carried out using AFM and ELISA techniques. There was also 
a higher reduction of amyloid beta from the mixture of sea buckthorn and goji berry (SG) 
than individual ingredients. Taken together, products with mixture of antioxidant 
ingredients may have the possible advantage over those containing single ingredients in 
terms of delivering health benefits. 
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Reduced amyloid beta 
in cell lysate (μg/ mL) 
Reduced amyloid 
beta in cell 
medium (μg/ mL) 
1 Drink 
powder 
0.9 3.32±0.01a 3.74±0.06a 
2 Drink 
powder 
1.2 3.32±0.06a 3.86±0.05a 
3 Drink 
powder 
1.5 3.35±0.06a 3.84±0.06a 
4 SBP 0.9 2.05±0.08f 3.38±0.05b 
5 SBP 1.2 2.23±0.04d 3.44±0.01b 
6 SBP 1.5 2.23±0.00d 3.78±0.03a 
7 GBP 0.9 0.80±0.06b 2.89±0.14d 
8 GBP 1.2 0.89±0.00bc 3.14±0.03c 
9 GBP 1.5 0.98±0.01c 3.18±0.02c 
10 SG 0.9 2.44±0.01g 2.50±0.01e 
11 SG 1.2 2.71±0.04e 2.76±0.01f 
12 SG 1.5 2.79±0.08e 3.38±0.05b 
Mean ± SD with different superscripts in the same column are significantly different (p <0.05) 
 
The comparison of sample amyloid beta concentration (Cs - Cw) and control (CA – CB) is 
shown in Figure 39. The following bar chart showed drink powder and its ingredient had 
significantly lower amyloid beta concentration than control. It also demonstrated 
significantly lower concentration (p = 0.000) of amyloid beta in cell lysate/ cell medium 





(a) Cell lysate  
Mean ± SD with different superscripts are significantly different (p <0.05) 
 
(b) Cell medium 
Mean ± SD with different superscripts are significantly different (p <0.05) 
Figure 39: Effect of sample concentration on Aβ 
 
The rate of BCA colour formation is dependent on the incubation time and temperature. 
There are some limitations of BCA assay. Substances that reduce copper and certain single 
amino acids (cysteine, tyrosine and tryptophan) could also produce colour in the BCA 
assay (Wiechelman, Braun & Fitzpatrick 1988). This may affect the accuracy of the 
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amyloid beta. Further experiments were carried out using Western blotting. In this 
densitometric quantification of protein loads, amyloid-β has been evaluated for the 
validation and reproducibility stained with Coomassie dye following SDS-PAGE gels 
(Taylor & Posch 2014). Western blotting was done for both cell lysate and cell medium. 
 
4.4.2.2 Western blotting analysis 
Optical density evaluation of nitrocellulose membrane (Transfer Kit 1704270, Bio-Rad) 
stained protein on SDS-PAGE gel was performed (Trans-Blot Turbo System, Bio-Rad). 
Each resulted protein bands were manually selected as regions of interest and the 
intensities were measured (arbitrary optical density units) using the Bio-Rad Quantity One 
1-D analysis software. The intensity value of each region of interest which is in proportion 
to the amount of proteins was loaded (including amyloid beta). The density of Aβ from 
Western blotting is shown in Table 95. Cells treated with drink powder at 1.5 μg/ mL 
showed the lowest Aβ density in both cell lysate (1.93 × 104) and cell medium (0.89 × 
104) which indicated the highest Aβ inhibition effect. 
 






(104) in cell 
lysate 
Aβ density (104) 
in cell medium  
Aβ only N.A. 4.08±0.01k 3.19±0.01e 
Blank N.A. 0.10±0.00j 0.10±0.00f 
Drink powder 0.9 2.22±0.03d 1.19±0.03b 
Drink powder 1.2 2.14±0.04e 1.11±0.00j 
Drink powder 1.5 1.93±0.04f 0.89±0.03g 
SBP 0.9 2.81±0.03b 1.58±0.03h 
SBP 1.2 2.80±0.03b 1.39±0.03a 
SBP 1.5 2.47±0.06a 1.20±0.04b 
GBP 0.9 3.40±0.04c 1.70±0.02d 
GBP 1.2 3.40±0.04c 1.67±0.05d 
GBP 1.5 3.17±0.04g 1.38±0.03a 
SG 0.9 2.73±0.03i 1.83±0.03i 
SG 1.2 2.53±0.03a 1.35±0.03ac 
SG 1.5 2.34±0.04h 1.30±0.02c 
Mean ± SD with different superscripts in the same column are significantly different (p < 0.05). 
 
Amyloid beta ratio based on density was calculated to see the effect of drink powder and 
its ingredients on the reduction of amyloid beta using Western blot as per Equation 20.  
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Relative density (%) of amyloid beta = 
DS - DB
DA - DB
 × 100% — Equation 20 
Where:  
DS = density of sample with Aβ   
DA = density of Aβ only  
DB = density of blank (no Aβ and sample) 
 
4.4.2.2.1 Effect of drink powder concentration on Aβ 
The effects of drink powder concentrations on Aβ ratio (relative density) and blot are 
shown in Figure 40 and Figure 41 respectively. The lowest Aβ level exhibited in both cell 
lysate and cell medium when Aβ-induced cells were treated with 1.5 μg/mL drink powder. 
 
 
Figure 40: Aβ ratios at different drink powder concentrations 
Mean ± S.D. with different superscripts in the same coloured columns are significantly different 
(P < 0.05). 
 
       
 (1)     (2)     (3)      (4)              (1)       (2)      (3)      (4) 
(a) Cell lysate                               (b) Cell medium 
Figure 41: Effect of drink powder on Aβ blot 
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4.4.2.2.2 Effect of SBP concentration on Aβ 
Aβ ratios (relative densities) at different SBP concentrations and their blots in cell lysate 
and cell medium are shown in Figure 42 and Figure 43 respectively. Cell lysate and cell 
medium at 1.5 μg/mL SBP showed lowest Aβ levels.  
 
 
Figure 42: Aβ ratios at different SBP concentrations 
Mean ± S.D. with different superscripts in the same coloured columns are significantly different 
(P < 0.05). 
 
         
(1)       (2)      (3)      (4)               (1)      (2)       (3)      (4) 
(a) Cell lysate                                 (b) Cell medium 
Figure 43: Effect of SBP on Aβ blot 
(1) Aβ only; (2) SBP at 0.9 μg/mL; (3) SBP at 1.2 μg/mL; (4) SBP at 1.5 μg/mL 
 
4.4.2.2.3 Effect of GBP concentration on Aβ  
Aβ ratios (relative densities) at different GBP concentrations and their blots in cell lysate 
and cell medium are shown in Figure 44 and Figure 45 respectively. Increasing GBP 
concentration led to a decreasing trend of Aβ in both cell lysate and cell medium. The 
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Figure 44: Aβ ratios at different GBP concentrations 
Mean ± S.D. with different superscripts in the same coloured columns are significantly different 
(p < 0.05). 
 
        
(1)     (2)      (3)      (4)              (1)        (2)      (3)       (4) 
(a) Cell lysate                              (b) Cell medium 
Figure 45: Effect of GBP on Aβ blot 
(1) Aβ only; (2) GBP at 0.9 μg/mL; (3) GBP at 1.2 μg/mL; (4) GBP at 1.5 μg/mL  
 
4.4.2.2.4 Effect of SG concentration on Aβ 
The effects of SG concentrations on Aβ ratio (relative density) and blot are showed in 
Figure 46 and Figure 47 respectively. The SG concentration.at 0.9 μg/mL showed the 
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Figure 46: Aβ ratios at different SG concentrations 
Mean ± S.D. with different superscripts in the same coloured columns are significantly different 
(p < 0.05). 
 
      
(1)     (2)       (3)      (4)            (1)        (2)      (3)     (4) 
 (a) Cell lysate                           (b) Cell medium 
Figure 47: Effect of SG on Aβ blot 
(1) Aβ only; (2) SG at 0.9 μg/mL; (3) SG at 1.2 μg/mL; (4) SG at 1.5 μg/mL  
 
4.4.2.2.5 Effect of different samples on Aβ density 
The effect of different samples on amyloid beta density is shown in Figure 48. Drink 
powder showed significantly lower Aβ density in both cell lysate (p = 0.000) and cell 
medium (p = 0.000) than individual ingredients. Combination of sea buckthorn and goji 
berry (SG) had significantly lower Aβ density (p = 0.032) in cell lysate than individual 
ingredients. This was further demonstrated that mixture of antioxidant ingredients could 
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(a) Cell lysate 
Mean ± S.D. with different superscripts are significantly different (p < 0.05) 
 
 
(b) Cell medium 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
Figure 48: Effect of sample on Aβ density 
 
Gel-based separation is another approach to confirm the presence of amyloid beta in cell 
culture. Although the effect of drink powder and its ingredients on the reduction of 
amyloid beta was confirmed, Western blot method was used to quantify the reduction. 
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beta (Nagarajan, Kirubagaran & Rajadas 2008; Pryor, Moss & Hestekin 2012). Gel-
based separations certainly offer the advantage of simplicity over High Performance 
Liquid Chromatography (HPLC) and Size-exclusion Chromatography (SEC). However 
large fibrillar aggregates may not be able to traverse the gel because they are too large to 
enter the pore sizes of the gel material (Ghosh, Gilda & Gomes 2014). This means that 
fibrillar aggregates may not be easily analysable by gel-based separation methods. 
Agarose gels can provide large intrinsic pore sizes relative to sodium dodecyl sulfate gels 
and may be more suitable for analysing larger fibrils. Western blot SDS-PAGE has been 
evaluated and validated as an accurate and reproducible option with the condition of 
complete and uniform staining of the protein across the gel band density of Western blot. 
Western blot analysis clearly showed that drink powder and its ingredients reduced Aβ 
concentration, supporting previous data from MTS assay. The Western blotting analysis 
has indicated that amyloid-β could transfect cells and result in neuronal apoptosis which 
was inhibited by drink powder and its ingredients. ELISA was performed to further 
quantify the Aβ level. 
 
4.4.3 ELISA 
The following cell lysates with sample concentrations were selected for ELISA (Table 96) 
based on previous assays. Each sample was diluted at 1/3, 1/10, 1/100, 1/1000 and 
1/10000. The purpose of dilution was to ensure the unknown sample’s absorbance lines 
within the linear range of the standard curve.  
 
Table 96: Selected ingredients with concentrations for ELISA 
Ingredient Ingredient concentration 
(μg/mL) 
Dilution factors  
Drink powder, SBP, 
GBP, SG 
0.9, 1.2, 1.5 3, 10, 100, 1000, 10000 
 
4.4.3.1 ELISA Standard curve 
The absorbance of all the ELISA standards were measured with the spectrophotometer 
set to 450 nm. The absorbances with known concentrations are listed in Table 97. The 
formula of absorbance is based on Equation 21.  
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AF = AI - AB — Equation 21 
Where:  
AF = final absorbance at 450 nm 
AI = initial absorbance at 450 nm 
AB = blank absorbance at 450 nm 
 
Table 97: ELISA standard absorbance 




Standard 1 1,000 4.099±0.000 
Standard 2 500 2.644±0.026 
Standard 3 250 1.068±0.0573 
Standard 4 125 0.482±0.008 
Standard 5 62.5 0.080±0.076 
Standard 6 31.25 0.019±0.033 
Standard 7 15.63 0.012±0.022 
Data expressed as mean ± SD 
 
The equation of regression and standard curve graph were automatically given by BMG 
OPTIMA Windows as per Figure 49. 
 
 
Figure 49: Standard curve of ELISA 
 
Based on the standard curve, absorbance of samples with dilution factor 10 indicated a 
better fit to standard curve. Therefore, Aβ concentrations with dilution factor 10 were 
178 
 
selected for data analysis. The Aβ concentration of cell lysate was calculated as per 
Equation 22.  
CL = CA - CB — Equation 22 
Where:  
CL = Aβ concentration of cell lysate 
CA = initial Aβ concentration of cell lysate from the standard curve  
CB = Aβ concentration of blank 
 
ELISA is commonly used to quantify Aβ oligomers level in a sample which may contain 
different proteins. ELISA is considered as a reliable and sensitive method. There are two 
commonly formats of ELISA. One is traditional ELISA (direct ELISA) in which primary 
antibody is directly linked to an enzyme for signal detection. The other is sandwich ELISA 
(indirect ELISA) in which Aβ is detected by a sequence-specific capture antibody and 
multiple epitopes are detected. The sandwich ELISA only recognises aggregated Aβ 
oligomers which is the research interest of current work (Pryor, Moss & Hestekin 2012). 
Some other studies also used sandwich ELISA to quantify amyloid beta. For example, 
Zanchet et al. (2017) used sandwich ELISA to quantify both soluble and deposited Aβ 
from brains tissues. Therefore, sandwich ELISA format was selected for this investigation. 
 
4.4.3.2 ELISA on drink powder and its ingredients 
Amyloid beta concentrations of cell lysate with drink powder and its ingredients are 
shown in Table 98. Drink powder at 1.5 μg/ mL showed the lowest Aβ concentration 
(5009 pg/ mL) excluding blank while GBP at 0.9 μg/ mL indicated the highest Aβ 





Table 98: Amyloid beta concentration of cell lysate 




1 Aβ only N.A. 10847±56k 
2 Blank N.A. 658±21l 
3 Drink powder 0.9 5190±21a 
4 Drink powder 1.2 5123±31c 
5 Drink powder 1.5 5009±40d 
6 SBP 0.9 7696±25e 
7 SBP 1.2 7490±37f 
8 SBP 1.5 7330±34g 
9 GBP 0.9 9857±35h 
10 GBP 1.2 9479±31i 
11 GBP 1.5 8499±23j 
12 SG 0.9 5300±20b 
13 SG 1.2 5263±17b 
14 SG 1.5 5191±20a 
Mean ± SD with different superscripts are significantly different (p <0.05) 
 
4.4.3.2.1 Effect of drink powder concentrations on Aβ 
The effect of drink powder concentrations on Aβ is shown in Figure 50. Increasing drink 
powder concentration resulted in significant (p = 0.038) decrease of Aβ concentration. 
The amyloid beta concentration at 0.9, 1.2 and 1.5 μg/ mL of drink powder was 4532, 
4465 and 4405 pg/mL respectively. Therefore, the study has recommended 1.5 μg/mL 
concentration of drink powder has the highest effect on the reduction of amyloid beta 
under in vitro condition in neuron cells. Increasing drink powder and its ingredients 
concentration resulted in decreasing trend of Aβ which also matched with Western blot 
result. This was mainly because increased antioxidant could decrease oxidative stress and 





Figure 50: The effect of drink powder concentration on Aβ 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
4.4.3.2.2 Effect of SBP concentrations on Aβ 
The effect of SBP concentrations on Aβ is shown in Figure 51. Increasing SBP 
concentration resulted in significant decrease of Aβ concentration (p = 0.000). The 
amyloid beta concentration at 0.9, 1.2 and 1.5 μg/ mL of SBP was 7038, 6832 and 6672 
pg/mL respectively. This research has indicated that SBP concentration at 1.5 μg/mL has 
the strongest inhibitive effect against amyloid beta in neuro cells condition. There are very 
few previous studies using ELISA to quantify Aβ in sea buckthorn treated cells. However, 
some research has applied ELISA to validate sea buckthorn health benefit. One study 
using ELISA indicated an enhanced thioredoxin level in UV radiated skin cells treated 
with sea buckthorn oil through reduced ROS production (Ghosh, Gilda & Gomes 2014). 
A significant reduction of alfa-toxin B1 residue was observed via ELISA in liver of chicks 
fed with sea buckthorn oil. Sea buckthorn has demonstrated its cytoprotective effect. For 
example, flavonoids in sea buckthorn could enhance cellular antioxidant activity (Guo et 
al. 2017). One study has indicated that sea buckthorn pulp oil and seed oil significantly 
inhibited radiation-induced cleaved caspase-3 which resulted in increased viable cell 
numbers (Shi et al. 2017). Sea buckthorn’s antioxidant property potentially caused 
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Figure 51: The effect of SBP concentration on Aβ 
Mean ± SD with different superscripts are significantly different (p <0.05) 
 
4.4.3.2.3 Effect of GBP concentrations on Aβ 
The effect of GBP concentrations on Aβ is shown in Figure 52. Increasing GBP 
concentration significantly decreased Aβ concentration (p = 0.000). The amyloid beta 
concentration at 0.9, 1.2 and 1.5 μg/mL of GBP was 9199, 8821 and 8499 pg/mL 
respectively. Therefore, GBP at 1.5 μg/mL was the concentration with the highest effect 
on amyloid beta reduction in Aβ-induced neuro cells. Some studies also used ELISA to 
quantify goji berry health effect. For example, one investigation has indicated that 
consumption of goji berry could decrease lipid peroxidation and increase serum 
antioxidant capacity through ELISA (Zanchet et al. 2017). Research has demonstrated 
goji berry extract protection on cortical neurons against Aβ (Yu et al. 2005). For example, 
goji berry polysaccharides decreased anti-apoptotic proteins' expression in cancer cells 
(Wawruszak et al. 2016). Therefore, goji berry’s potent cytoprotective effect may also 































Figure 52: The effect of GBP concentration on Aβ 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
4.4.3.2.4 Effect of SG concentrations on Aβ 
The effect of SG concentrations on Aβ is shown in Figure 53. Amyloid-β concentrations 
of cell lysate were similar since SG concentration was increased from 0.9 to 1.2 μg/mL 
(Aβ concentration was 4642 and 4605 pg/mL respectively). Further increasing SG 
concentration resulted in significant decrease (p = 0.028) of Aβ concentration with the 
lowest Aβ concentration at 4533 pg/ mL. This research has demonstrated that the SG 
concentration at 1.5 μg/mL had the highest effect on reduction of Aβ on neuro cells. 
 
 
Figure 53: The effect of SG concentration on Aβ 

























































4.4.3.2.5 Effect of sample with different concentrations on Aβ 
To compare how drink powder and its ingredients impact Aβ compared to control, amyloid 
beta concentration ratio was calculated as per Equation 22.  
amyloid beta concentration ratio (%)=
CS - CB
CA - CB 
× 100% — Equation 23 
Where:  
CS = initial Aβ concentration of cell lysate 
CA = Aβ concentration of Aβ only 
CB = Aβ concentration of blank (no Aβ and sample) 
 
The effects of drink powder and its ingredients on amyloid beta concentration ratio in cell 
lysate are shown in Figure 54. Drink powder and its ingredients significantly decreased 
Aβ compared to control (CA-CB) which was considered 100%. This coincided with the 
outcome from Western blot which further demonstrated mixture of antioxidant-rich 
ingredients might have a better inhibitive effect against Aβ. 
 
 
Figure 54: Effect of sample with different concentrations on Aβ 
Mean ± S.D. with different superscripts are significantly different (p < 0.05). 
 
At the same time, SG always indicated a significantly (p = 0.000) lower amyloid beta 
concentration ratio than either SBP or GBP individually at any sample concentration 
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expected values of amyloid beta concentration should be 60% driven by SBP while the 
rest 40% is due to GBP as per Equation 24. 
CE =  CS × 60% + CG × 40%  — Equation 24 
Where:  
CE= Expected value of Aβ concentration of cell lysate with SG 
CS = Aβ concentration of cell lysate with SBP 
CG = Aβ concentration of cell lysate with GBP 
 
The comparison of expected and actual values of amyloid beta concentration of cell lysate 
with SG is shown in Table 99. For example, when SG concentration was at 1.5 μg/mL, 
the expected Aβ concentration should be 7403 pg/mL (6672 pg/ mL × 60% + 8499 pg/mL 
× 40%). However, the actual Aβ concentration was only 4533 pg/mL which was 
significantly lower (p = 0.000) than expected value. This demonstrated that SG had 
stronger inhibitive effect against Aβ compared to single ingredients. As a mixture of SBP 
and GBP, SG had a better anti-Aβ effect which was possibly due to synergistic effect of 
sea buckthorn and goji berry. Since SBP and GBP were combined, they might interact or 
collaborate with each other for cellular uptake. As a result, the combined mixture (SG) 
could achieve a better effectiveness in terms of scavenging free radicals which resulted in 
better inhibitive effect against Aβ. 
 



















cell lysate with 
SG 
(pg/ mL) 
0.9 7038±25f 9199±35i 7902±29c 4642±20a 
1.2 6832±37g 8821±31j 7628±35d 4605±17a 
1.5 6672±33h 8499±23k 7403±29e 4533±20b 
Mean ± SD with different superscripts are significantly different (p < 0.05) 
 
At the same time, drink powder had significantly (p = 0.002) higher anti-Aβ effect than 
SG when they had the same concentration. Apart from sea buckthorn and goji berry, drink 
powder also contains some other antioxidant-rich ingredients (e.g. carob powder, turmeric 






In this section, the work on AFM studies in relation to AD and amyloid toxicity using 
AFM imaging of oligomers and fibrils are discussed. 
 
4.4.4.1 Amyloid beta at different concentrations  
AFM is important to analysis of amyloidogenic peptides and proteins that can assemble 
into a variety of structurally discrete species, specifically those like Aβ. Therefore, atomic 
force spectroscopy was used to detect protein misfold of amyloid beta at different 
incubation time. The original AFM images are formed based on topography which acquire 
numerous points height information over sample surface (Ando, Uchihashi & Kodera 
2013). 
 
According to the amyloid hypothesis, interactions between amyloidogenic peptides result 
in the formation of small oligomers and long fibrils (Chiti & Dobson, 2006). Mastrangelo 
et al. (2006) used AFM to understand the growth of amyloid oligomers and identified that 
fibrils were formed as self-dimerizing monomers stack upon one another. A large number 
of studies has shown the growth of amyloid fibril from oligomers under AFM. In this 
research, structural changes of amyloid beta at the concentration of 20 μM on different 
time points were also investigated. As such oligomeric amyloid beta at 20 μM was 
incubated for 24, 48, 72 and 96 h at room temperature. The images are shown in Figure 
55 in which the white spot was Aβ oligomer (a, b, c, d) while the white line was Aβ fibril 
(d).  
 
The AFM images demonstrated that, in addition to small and large Aβ oligomers, large 
fibrils were also present in solution as a function of time. A positive linear relationship 
was observed between incubation time and number of oligomers as well as with size of 
oligomers. For example, at longer time of incubation, the density of larger amyloid 
clusters was observed to be the highest at 72 h. Amyloid beta with 48 h incubation had 
denser oligomers than that of 24 h. When Aβ was incubated for 72 h, a clump of Aβ was 
observed as in Figure 55 (c) which indicated assembly/ aggregation of Aβ. The size of the 
Aβ oligomer height was in the range of 5-15 nm at 24 h. As the time passed, more Aβ 
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oligomers with larger size (in height) over 10 nm were observed (Figure 55 (c)) and 
formation of Aβ fibrils were observed at 96 h (Figure 55 (d)).  
 
   
(a) Aβ at 20 μM 24 h        (b) Aβ at 20 μM 48 h         
    
(c) Aβ at 20μM 72 h                 (d) Aβ at 20μM 96 h 
Figure 55: Aβ at different concentrations by AFM 
(images in 3 x 3 μm) 
 
Currently, considerable effort has been put into identifying Aβ plaques in brain to elucidate 
the molecular pathways of Aβ aggregation with an ultimate goal of identifying therapeutic 
approaches to slow the progression of AD. The purpose of AFM experiment was to 
investigate the effect of drink powder and its ingredients on the morphologies of 
oligomeric amyloid beta. AFM provides higher resolution than scanning electron 
microscope (SEM). In addition, AFM technique does not require any specific treatment. 
AFM confirmed that Aβ oligomers were globular in shape. One study has indicated that 
oligomeric Aβ is around 6 nm in height (Ladiwala et al. 2012). The similar Aβ oligomer 
in height (5-10 nm) was observed in this study. AFM also indicated the particle size of 





4.4.4.2 Effect of drink powder and ingredients on Aβ 
The effects of drink powder and its ingredients on the amyloid beta secondary structure 
of peptide backbone were further corroborated by imaging the morphological changes in 
peptide oligomer assemblies using AFM. 
 
4.4.4.2.1 Effect of drink powder concentration on Aβ 
Twenty (20) micromole amyloid beta peptide at room temperature with increased drink 
powder concentration showed less oligomeric aggregations (Figure 56). For example, 
drink powder at 0.9 μg/mL had more concentrated Aβ oligomers than drink powder at 1.2 
μg/mL. There were fewer Aβ oligomers when drink powder concentration was further 
increased to 1.5 μg/mL. In addition, smaller Aβ (in height) oligomers were observed when 
drink powder was at 1.2 μg/mL (Figure 56 (a)) than that of 0.9 μg/mL (Figure 56 (b)). At 
the same time, the number of Aβ oligomers also decreased with increased drink powder 
concentration. 
 
    
(a) 0.9 μg/mL              (b) 1.2 μg/mL                   (c) 1.5 μg/mL 
Figure 56: Effect of drink powder at different concentrations on Aβ 
(images in 3 x 3 μm, 24h incubation) 
 
4.4.4.2.2 Effect of SBP concentration on Aβ 
The effect of SBP concentration on Aβ is shown in Figure 57. Increasing SBP 
concentration resulted in decreased Aβ assembly. When SBP was at 0.9 μg/mL, numerous 
oligomeric Aβ were visible. However, decreased number of Aβ oligomers were seen when 
SBP concentration was further increased. At the same time, more small sized (in height) 
Aβ oligomers were identified at 1.2 μg/mL of SBP (Figure 57 (b)) than that at 0.9 μg/mL 
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(Figure 57 (a)). Further increasing SBP concentration led to further inhibition of Aβ 
oligomers in which only a few large Aβ oligomers (in height) were remaining (Figure 57 
(c)).  
 
    
(a) 0.9 μg/mL                 (b) 1.2 μg/mL                    (c) 1.5 μg/mL 
Figure 57: Effect of SBP at different concentrations on Aβ 
(images in 3 x 3 μm, 24h incubation) 
 
4.4.4.2.3 Effect of GBP concentration on Aβ 
The effect of GBP concentration on Aβ is shown in Figure 58. Increasing GBP 
concentration led to decreased aggregation of Aβ. There were some oligomeric Aβ could 
be observed when GBP was at 0.9 μg/mL. When GBP concentration was increased, Aβ 
was further inhibited. In addition, large sized (in height) Aβ seemed more likely to be 
inhibited as only a few small (in height) Aβ oligomers were identified in Figure 58 (b) and 
(c). 
 
    
(a) 0.9 μg/mL         (b) 1.2 μg/mL            (c) 1.5 μg/mL 
Figure 58: Effect of GBP at different concentrations on Aβ 




4.4.4.2.4 Effect of SG concentration on Aβ 
The effect of SG concentration on Aβ is shown in Figure 59. Increasing SG concentration 
resulted in decreased aggregation of Aβ. There was hardly oligomeric Aβ even in small 
size (in height) when SG concentration was at 1.5 μg/mL which indicated strongest 
inhibitive effect against Aβ compared to lower concentrations of SG.  
 
    
(a) 0.9 μg/mL                     (b) 1.2 μg/mL                  (c) 1.5 μg/mL 
Figure 59: Effect of SG at different concentrations on Aβ 
(images in 3 x 3 μm, 24h incubation) 
 
4.4.4.3 Size and particle number of Aβ  
The average particle diameters for the oligomeric assemblies were 35, 17, 20, 25 and 18 
nm for amyloid beta only (20 μM) and that with drink powder, SBP, GBP and SG at 1.5 
μg/mL respectively (Table 100). The drink powder at 1.5 μg/mL showed the smallest 
diameter (17nm) with lowest particle number (33) which indicated strongest inhibitive 
effect against amyloid beta. In addition, SG had a smaller diameter of Aβ with fewer 
particles than that of SBP and GBP which further demonstrated the combination could 
have better anti- Aβ effect than individual ingredients. 
 
In this study, AFM has demonstrated increasing drink powder and its ingredients 
concentration resulted in decrease of oligomeric Aβ aggregates. Some other research has 
also indicated the similar effect of antioxidant against amyloid beta via AFM. For example, 
one investigation focusing on curcumin’s effect against Aβ indicated the presence of 
curcumin could decrease Aβ aggregation (Jiang et al. 2012). Such antiaggregating 
property of drink powder and its individual ingredients could primarily be explained by 
their ability to scavenge free radicals in the microenvironment, because free radicals and 
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reactive oxygen species are known to accelerate the ageing and aggregation process of the 
peptide. These ingredients may also mimic superoxide dismutase (SOD) activity and act 
as free radical scavengers. The drink powder not only retained the antioxidant properties 
of sea buckthorn and goji berry but also might possess improved free radical scavenging 
properties than the parent ingredients.  
 






Number of particles 
(in 3 x 3 μm) 
Aβ only N.A. 35 69 
Drink powder 0.9 20 43 
Drink powder 1.2 19 38 
Drink powder 1.5 17 31 
SBP 0.9 25 51 
SBP 1.2 23 45 
SBP 1.5 20 38 
GBP 0.9 30 57 
GBP 1.2 27 50 
GBP 1.5 25 45 
SG 0.9 22 48 
SG 1.2 20 42 
SG 1.5 18 36 
Averages were calculated using three different images 
 
The results of MTS, Western blot, ELISA also confirmed the similar effects of drink 
powder and its ingredients. Thus, drink powder could significantly affect the 
amyloidogenesis process of Alzheimer’s disease if they can penetrate through blood brain 
barrier. Using AFM, current work has demonstrated that drink powder and its ingredients 
can affect amyloid beta aggregation. Collectively, sea buckthorn and goji berry 
individually and in combination, might reduce the generation of free radicals in the 
microenvironment thereby retarding the formation of seeding aggregates which are crucial 











• Drying method played an important role on SBP quality parameters. Freeze drying 
resulted in higher total flavonoid, vitamin C, vitamin E and fat contents with higher 
antioxidant activity in SBP compared to that of connective drying using hot oven and 
spray drying. Freeze drying is a better method for dehydration of sea buckthorn from a 
nutritional perspective. Convective drying was detrimental to SBP quality and resulted in 
the lowest total flavonoid, vitamin C, sugar, vitamin E contents and antioxidant activity.  
 
• Increasing drying temperature in convective drying and spray drying led to decrease in 
total flavonoid, vitamin C, sugar, fat and vitamin E contents as well as antioxidant activity. 
Increasing freeze drying duration resulted in a decrease in total flavonoid, vitamin C and 
vitamin E contents.  
 
• Location had a significant influence on SBP quality because different locations had 
different climates, soil conditions and sunlight. SBP from Datong had the highest TFC 
and antioxidant activity. SBP from Habahe had the lowest total flavonoid, vitamin C, 
sugar, fat, vitamin E contents and antioxidant activity mainly due to low annual rainfall.  
 
• Drink powder was formulated by SBP, GBP, lupin flour, carob powder, barley malt 
extract, turmeric powder and xanthan gum. SBP was found to be a significant contributor 
to total flavonoid, vitamin C, fat, polysaccharide, total phenolic contents and antioxidant 
activity in the drink powder formulation. Addition of SBP also resulted in a decrease in 
sugar and carotenoid contents in the formulation. GBP had a significant contribution to 
total phenolic, carotenoid contents and antioxidant activity of drink powder formulation. 
Incorporating GBP led to an increasing trend of polysaccharide content in the formulation. 
Lupin flour had significant contribution to total flavonoid, sugar and fat contents in drink 
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powder formulation. Carob powder was a significant contributor to polysaccharide and 
total phenolic contents in drink powder formulation.  
 
• Drink powder formulation 68 (45% SBP, 30% GBP, 10% lupin flour, 10% carob powder, 
1% turmeric powder, 3.9 % malt extract and 0.1% xanthan gum) had the best nutritional 
value among all 71 formulations based on total flavonoid, vitamin C, protein, 
polysaccharide, total phenolic and carotenoid contents and antioxidant activity.  
 
• Ingredients used in the drink powder formulation had positive effects against amyloid beta 
as significant reduction of Aβ concentration was identified in drink powder treated cells. 
This has indicated that drink powder ingredients could significantly affect the 
amyloidogenesis process of Alzheimer’s disease reducing the risk of Alzheimer’s disease. 
 
• Drink powder at 1.5 μg/ mL was the most effective concentration on amyloid beta 
reduction in Aβ-induced neuro cells. 
 
• The combined effect of sea buckthorn and goji berry demonstrated a lower Aβ 
concentration than individual ingredients indicating a synergistic effect against amyloid 
beta. 
 
5.2 Recommendations for futures studies 
 Sensory evaluation should be ideally performed to check consumer’s acceptability since 
drink powder is designed as a food for final use. Acceptance test is preferable to be 
conducted on selected drink powder measuring the liking for a set of samples. 
 
 For fatty acids composition, current research only tested the 5 major fatty acids (palmitic, 
linoleic, palmitoleic, linolenic and oleic acids) which accounted for over 95% of the total 
fatty acids in SBP. However, there are some other minor fatty acids which may also have 
bioactive properties. It is suggested to conduct a research to determine all individual fatty 
acids compositions.  
 
 This research assessed the effect on the degradation or clearance of amyloid beta by drink 
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powder and its major ingredients. To further understand how drink powder and its 
ingredients work with amyloid beta, it is recommended to perform other cell culture 
techniques on modulation of dysfunctional mitochondria, such as assessment of 
mitochondrial energy metabolism and respiration, determination of oxidative stress. In 
addition, animal trial is recommended to further evaluate drink powder and its ingredients 
effect on memory improvement.  
 
 The research only assessed two major ingredients of drink power which constituted up to 
75% of the drink powder formulation. Apart from sea buckthorn and goji berry, drink 
powder contains lupin flour, carob powder and turmeric powder which are abundant in 
bioactive compounds and beneficial to memory improvement. A future study is suggested 
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Appendix 1: Nutritional value of drink powder at different formulations 



























(% inhibition of 
DPPH) 
1 35 15 10 5 8.70±0.12
d 290±1I 58±0J 35.13±0.06f 3.14±0.03a 8.10±0.04HI 13.45±0.06T 7.33±0.03f 266±5A 31.69±0.95LO 
2 35 15 10 10 8.97±0.05b 284±2T 58±0JK 34.98±0.14ef 3.17±0.05Za 8.19±0.07I 14.32±0.04J 8.97±0.05N 271±4A 32.51±0.36IL 
3 35 15 15 5 9.11±0.04Xb 282±4T 58±0JKL 32.57±0.35KU 3.60±0.02AEQSW 10.26±0.04B 13.54±0.09TU 7.42±0.03g 271±3A 33.75±1.29M 
4 35 15 15 10 9.23±0.04XY 291±2I 58±0JKL 32.40±0.61KT 3.60±0.02AEQSW 10.33±0.06B 14.37±0.03JK 9.06±0.01O 268±3A 34.98±0.36ABJ 
5 35 15 20 5 9.53±0.04Hc 292±0I 57±1J 30.57±0.10ACR 4.05±0.05DHLMNOP 12.43±0.09F 13.60±0.04U 7.51±0.02h 271±3A 35.60±0.35ABC 
6 35 15 20 10 9.54±0.04H 293±1I 57±1JKL 30.13±0.12RX 3.92±0.03CDGHJKO 12.47±0.00F 14.39±0.06JK 9.15±0.04B 270±2A 37.65±0.62DGHP 
7 35 20 10 5 9.29±0.09XY 346±1PQ 58±0JKLR 34.44±0.12Za 3.26±001TZa 8.88±0.06JM 14.00±0.07V 8.40±0.04i 320±4GH 35.60±0.35ABC 
8 35 20 10 10 9.31±0.06XY 345±2P 60±2MR 34.62±0.43ae 3.26±0.03TZa 8.98±0.03J 14.76±0.08Y 10.06±0.02V 321±3GH 35.80±0.62BC 
9 35 20 15 5 9.57±0.08H 349±1JPQ 60±2KLMR 32.32±0.18KT 3.65±0.03AEIQS 11.05±0.02E 13.98±0.09V 8.54±0.04L 316±3GU 35.60±0.35ABC 
10 35 20 15 10 9.62±0.15H 349±1JQ 60±2LMR 31.79±0.21DE 3.64±0.02AEQS 11.14±0.02E 14.80±0.07YZ 10.17±0.02A 320±4GH 35.60±0.35ABC 
11 35 20 20 5 9.86±0.11IZa 350±0J 61±2MQ 30.57±.1.742ACR 4.10±0.03LMNOPR 13.17±0.14WX 14.11±0.12i 8.60±0.04L 320±5GH 39.30±0.36NS 
12 35 20 20 10 9.92±0.06FIJK 352±1J 58±0MNQ 29.76±0.220BX 4.07±0.02HLMNOP 13.32±0.04Y 14.88±0.08Za 10.23±0.04A 322±1H 41.36±0.62KQ 
13 35 25 10 5 9.62±0.04H 402±2C 63±0HIN 33.67±0.35LMY 3.35±0.03TVZ 9.77±0.06P 14.44±0.02KW 9.56±0.05C 371±2OPR 37.45±0.35GP 
14 35 25 10 10 9.66±0.04HZ 402±1C 61±3IMNQ 33.67±0.02LMY 3.35±0.02TVZ 9.79±0.04P 15.24±0.08AB 11.08±0.06b 368±4O 38.27±0.62EDFGH 
15 35 25 15 5 9.89±0.04FIJ 402±1C 63±0HI 31.48±0.16Dc 3.77±0.01ABCFGI 11.83±0.11T 14.50±0.01WX 9.57±0.00C 373±7OPQ 38.68±0.36EFN 
16 35 25 15 10 9.97±0.10CFGIJK 403±3C 63±0HIN 31.52±0.26Dc 3.75±.010ABCEFI 11.91±0.12T 15.24±0.06AB 11.25±0.05F 369±2OP 38.48±0.36DEFN 
17 35 25 20 5 10.24±0.14QRSVW 404±1C 63±0HI 29.02±0.09OPQ 3.76±0.02 ABCEFI 14.12±0.15b 14.54±0.02X 9.65±0.02R 376±6Q 38.06±0.72DEGH 
18 35 25 20 10 10.31±0.09ABRSVW 403±2C 64±0H 29.13±0.14JPQ 3.76±0.03ABCEFI 14.11±0.12b 15.33±0.05A 11.35±0.04j 374±6PQ 41.15±0.36KQ 
19 35 30 10 5 9.99±0.06CFGIJK 459±2M 63±0HI 33.30±0.14FGHL 3.39±0.06TVb 10.54±0.10C 14.91±0.07ab 10.56±0.03X 421±4E 33.75±0.94M 
20 35 30 10 10 10.03±0.06CFGIJKL 460±3M 63±0HI 33.15±0.01FGH 3.43±0.04TVWb 10.58±0.10C 15.68±0.04L 12.29±0.05d 420±3E 34.57±0.00JM 
21 35 30 15 5 10.37±0.08ABDSVW 462±2MS 63±0HI 30.74±0.10ACS 3.86±0.04BCDFGJK 12.64±0.05V 14.98±0.02bc 10.70±0.08Y 420±2E 34.16±0.36JM 
22 35 30 15 10 10.37±0.96ABDSVW 461±2MS 64±0H 31.00±0.14AS 3.96±0.05DGHJKLO 12.81±0.09J 15.82±0.04M 12.33±0.03d 423±4E 34.78±0.72AJ 
23 35 30 20 5 10.75±0.22U 464±3SU 62±3HINQ 28.71±0.21IOP 4.20±0.05NPRX 14.92±0.08d 15.02±0.05c 10.79±0.04Za 424±2E 34.98±0.36ABJ 
24 35 30 20 10 10.70±0.12NOPU 466±4U 62±3HINQ 28.35±0.27IN 4.24±0.06PRUX 14.95±0.09d 15.79±0.02Md 12.44±0.0k 425±4E 44.03±0.35T 
25 40 15 10 5 9.33±0.05Yc 304±2A 67±0DEF 34.03±0.14MWZ 3.53±0.04QSVWb 8.40±0.09L 15.23±0.01B 7.72±0.07I 291±3FN 27.16±0.62c 
26 40 15 10 10 9.27±0.05XY 305±3A 68±0DEF 33.91±0.17MWY 3.50±0.06SVWb 8.38±0.04L 16.03±0.05N 9.36±0.05P 287±4F 31.22±0.37O 
27 40 15 15 5 9.61±0.14H 304±3A 58±0DEF 31.76±0.06DE 3.88±0.08BCDGHIJ 10.49±0.12C 15.30±0.04AB 7.76±0.03I 290±1FN 31.01±0.00O 
28 40 15 15 10 9.65±0.10HZ 304±1A 68±0DEFG 31.69±0.19DE 3.89±0.05BCDGHJK 10.60±0.05C 16.10±0.08N 9.46±0.06Q 290±4FN 29.75±0.00W 
29 40 15 20 5 9.88±0.09IJa 304±1A 66±3DF 29.39±0.19BJQ 3.92±0.61CDGHJKO 12.71±0.10
KV 15.33±0.07A 7.83±0.02r 294±3F 29.32±0.37W 
30 40 15 20 10 9.94±0.10CFIJK 308±3A 66±3F 29.47±0.24BJ 4.24±0.03PRUX 12.77±0.02K 16.11±0.06N 9.51±0.04CQ 288±4IJ 32.70±0.36I 
31 40 20 10 5 9.62±0.13H 362±3B 68±0DEFG 33.41±0.11HL 3.27±0.65TZa 9.21±0.11N 15.63±0.01L 8.84±0.04M 338±3IJ 32.28±0.63IL 
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Values are based on dry weight; F- formulation; SBP- sea buckthorn powder; GBP- goji berry powder; LF- lupin flour; CP- carob powder; mean ± S.D. with different superscripts in the 
same column are significantly different (p < 0.05). 
32 40 20 10 10 9.65±0.13HZ 364±1B 68±0DEF 33.39±0.10GHL 3.58±0.02EQSWb 9.14±0.09N 16.46±0.07e 10.46±0.03W 339±1HI 32.70±0.36I 
33 40 20 15 5 9.90±0.06FIJ 363±1B 68±0DEFG 31.16±0.02Sc 3.96±0.06DGHJKLO 11.29±0.09R 15.70±0.07Ld 8.86±0.07M 337±4I 31.22±0.37O 
34 40 20 15 10 9.99±0.03CFGIJK 362±3B 68±0DEFG 30.93±0.10AS 4.04±0.03DHLMNO 11.36±0.06R 16.52±0.03e 10.49±0.05WX 341±1IJ 32.49±0.36IL 
35 40 20 20 5 10.31±0.01ABRSVW 363±2B 68±0DEG 28.62±0.07IO 4.38±0.05UXY 13.51±0.07Z 15.82±0.04M 8.96±0.06N 343±1J 32.49±0.36IL 
36 40 20 20 10 10.45±0.14ABDES 365±3B 68±0DEFG 28.55±0.14IN 4.40±0.06UY 13.56±0.06Z 16.66±0.08C 10.65±0.04Y 341±3IJ 35.87±0.37BC 
37 40 25 10 5 10.09±0.04CFGKLQ 418±0D 68±0DEFG 32.94±0.08FUV 3.77±0.04ABCFGI 9.95±0.10
Q 16.21±0.08O 9.83±0.04S 386±1RS 38.34±0.36DEFGH 
38 40 25 10 10 10.09±0.04CFGKLG 418±1D 68±0DEFG 32.63±0.10KUV 3.68±0.05AEFIQS 10.03±0.01Q 16.94±0.04D 11.56±0.04G 384±2R 40.63±0.62QY 
39 40 25 15 5 10.22±0.08LQRVW 417±2D 68±0DEFG 30.31±0.09CR 4.13±0.06LMNPR 12.09±0.06U 16.26±0.01O 9.92±0.05T 390±2RS 40.21±0.72XY 
40 40 25 15 10 10.44±0.08ABDES 419±3D 68±0DEG 30.31±0.10CR 4.02±0.08DHKLMNO 12.18±0.18
U 17.01±0.05DE 11.62±0.04GH 392±4ST 43.98±0.36T 
41 40 25 20 5 10.56±0.18DEMNOPTU 420±3D 68±0EG 28.14±0.02Nb 4.50±0.04Yc 14.35±0.11c 16.26±0.10O 10.00±0.03UV 392±4T 41.88±0.62K 
42 40 30 20 10 10.66±0.14MNOPTU 420±1D 68±0DEFG 28.12±0.12Nb 4.52±0.04Ycd 14.34±0.19c 17.09±0.07E 11.68±0.05H 393±3T 49.59±0.36U 
43 40 30 10 5 10.45±0.09ABDES 479±4F 72±3STU 32.12±0.14ET 3.79±0.04ABCFGIJ 10.81±0.03D 16.67±0.05C 10.95±0.03E 440±1L 49.17±0.36U 
44 40 30 10 10 10.41±0.24ABDESW 479±3F 73±0TU 31.85±0.15DE 3.76±0.04ABCEFI 10.81±0.03D 17.46±0.02FGP 12.60±0.03k 438±1KL 51.25±0.00d 
45 40 30 15 5 10.71±0,25NOPU 479±1F 71±2ST 29.74±0.08BX 4.12±0.01LMNPR 13.00±0.09G 16.70±0.04C 11.04±0.06Eb 436±4KL 49.59±0.36U 
46 40 30 15 10 10.66±0.13MNOPTU 479±4F 72±3STU 29.50±0.10BJ 4.15±0.03MNPR 13.05±0.12GW 17.49±0.02GP 11.63±0.06GH 438±2KL 54.17±0.36e 
47 40 30 5 5 10.14±0.05CGLQR 476±2F 73±0U 34.51±0.08a 3.38±0.03TV 8.59±0.06A 16.63±0.02C 10.86±0.06a 434±2K 42.92±0.36f 
48 40 15 5 10 10.15±0.06CGLQR 476±2F 70±2GS 34.33±0.17WZa 3.35±0.05TVZ 8.65±0.07A 17.39±0.03F 12.53±0.05l 437±0KL 45.21±0.72Za 
49 45 15 10 5 9.63±0.12H 322±1G 77±0A 32.96±0.25FGUV 3.83±0.06BCFGIJK 8.59±0.05A 16.93±0.04D 8.08±0.02Im 308±2B 33.75±0.62M 
50 45 15 10 10 9.68±0.16HZa 323±2GH 77±0ABC 32.94±0.17FGUV 3.79±0.06ABCFGIJ 8.65±0.03A 17.69±0.04f 9.72±0.04R 307±2B 38.54±0.36DEFN 
51 45 15 15 5 9.95±0.06CFIJK 325±3GH 78±0ABC 30.70±0.16AC 4.17±0.02MNPR 10.77±0.01D 17.00±0.04DE 8.12±0.06JK 310±1BU 37.55±0.36GHP 
52 45 15 15 10 10.08±0.06CFGJKLQ 323±0GH 77±1AB 30.64±0.18AC 4.20±0.10 NPRX 10.90±0.08D 17.78±0.04Qf 9.79±0.04S 310±2B 39.66±0.36SX 
53 45 15 20 5 10.21±0.16LQRVW 326±3H 78±1ABC 28.44±0.08IN 4.63±0.04cde 12.96±0.04G 17.07±0.06E 8.19±0.04K 310±1B 39.03±0.36FNS 
54 45 15 20 10 10.50±0.16ABDEMNT 323±0GH 78±0ABC 28.69±0.13IOP 4.62±0.05cde 13.02±0.08G 17.93±0.04S 9.95±0.04TU 310±2B 34.81±0.00AJ 
55 45 20 10 5 10.12±0.08CGKLQR 378±3R 78±0ABC 32.48±0.14KT 3.89±0.04BCDGHIJ 9.38±0.02O 17.42±0.05FG 9.12±0.03BO 360±4C 36.29±0.36CR 
56 45 20 10 10 10.02±0.05CFGIJKL 381±1KLR 78±0ABC 32.35±0.16KT 3.87±0.02BCDFGJK 9.42±0.03
O 18.25±0.06H 10.77±0.05Z 356±5C 38.19±0.73DEFGH 
57 45 20 15 5 10.46±0.31ABDEM 378±2KR 77±0ABC 33.47±0.24HLY 4.29±0.03RUX 11.63±0.08
S 17.43±0.09FG 9.19±0.06B 358±6C 36.29±0.36CR 
58 45 20 15 10 10.52±0.25ABDEMNOPT 382±4KL 78±1ABC 29.79±0.10BX 4.37±0.04UXY 11.68±0.06
S 18.32±0.05HI 10.98±0.04DE 360±7C 38.40±0.37DEFH 
59 45 20 20 5 10.58±0.16EMNOPTU 382±2KL 77±3AB 27.74±0.14bd 4.69±0.03de 13.79±0.06
a 17.53±0.02P 9.29±0.02P 357±5C 36.92±0.36PR 
60 45 20 20 10 10.72±0.18PU 383±3L 77±1AB 27.57±0.10d 4.71±0.04e 13.84±0.11a 18.35±0.02P 11.01±0.02DE 362±1C 41.14±0.63KQ 
61 45 25 10 5 10.45±0.26ABDEMS 437±3E 78±1ABC 31.70±0.08DE 3.98±0.62DHJKLMO 10.24±0.05B 17.87±0.08QRS 10.20±0.04n 404±3D 41.56±0.73K 
62 45 25 10 10 10.60±0.06EMNOPTU 438±3E 78±0ABC 31.87±0.05DE 4.00±0.05DHKLMO 10.31±0.01B 18.78±0.04g 11.89±0.08c 408±3D 45.78±2.03a 
63 45 25 15 5 10.50±0.08ABDEMNOT 436±1E 78±0ABCO 29.52±0.29BJ 5.40±0.03UY 12.40±0.06F 17.93±0.02RS 10.33±0.05o 406±1D 47.05±0.36j 
64 45 25 15 10 10.68±0.18NOPTU 437±4E 78±0ABCOP 29.44±0.05BJQ 4.41±0.04UY 12.45±0.02
F 18.74±0.10g 12.03±0.04p 406±1D 56.12±0.36h 
65 45 25 5 5 10.17±0.10GLQRV 435±1E 78±1ABC 33.94±0.21MW 3.62±0.04AEQSW 8.04±0.06H 17.83±0.03QR 10.17±0.04A 404±3D 41.46±0.36K 
66 45 25 5 10 10.14±0.06CGLQR 436±3E 77±1ABC 34.00±0.32MWZ 3.62±0.03AEQSW 8.11±0.08HI 18.64±0.06j 11.84±0.03c 405±2D 44.73±0.37TZ 
67 45 30 10 5 10.52±0.32BDEMNOPT 493±1NO 80±2P 30.79±0.18AS 4.12±0.08LMNPR 11.04±0.08E 18.34±0.06HI 11.27±0.08F 456±5M 61.60±0.37V 
68 45 30 10 10 10.71±0.22OPU 493±0NO 80±2OP 30.62±0.20AC 4.03±0.05DHLMNO 11.09±0.08E 19.18±0.08h 13.01±0.05e 459±4M 63.08±0.36b 
69 45 30 15 5 11.20±0.10e 495±2O 79±0BCOP 29.01±0.14OPQ 4.38±0.26UXY 13.26±0.06XY 18.45±0.06k 11.46±0.03q 459±2M 61.82±0.37V 
70 45 30 5 10 10.48±0.06ABDEMT 492±1NO 78±0ABOP 33.16±0.28FGH 3.70±0.01ABEFIQ 8.99±0.07I 19.13±0.04h 12.98±0.02e 457±3M 62.45±0.97Vb 
71 45 30 5 5 10.31±0.23ARSVW 490±1N 79±2COP 33.03±0.33FGHV 3.70±0.05ABEFIQ 8.83±0.02M 18.31±0.11HI 11.21±0.02F 455±7M 60.55±0.73i 
